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THERMOPHYSICAL PROPERTIES OF PROPANE FROM 85 TO 700 K AT 
PRESSURES TO 70 MPa 
Robert D. Goodwin and William M. Haynes 


Thermophysical Properties Division 
National Engineering Laboratory 
National Bureau of Standards 
Boulder, Colorado 80303 


Thermopnysical properties of propane are tabulated at integral 
temperatures over the entire range of fluid states from 85 to 700 K 
along isobars to 70 MPa by using a modified form of the nonanalytic 
equation of state. These tables, along with a table for the saturated 
liquid, include values for density, compressibility factor, internal 
energy, enthalpy, entropy, heat capacities, fugacity, sound velocity, 
dielectric constant, and isochore and isotherm derivatives. In 
addition to the equation of state, equations are presented for vapor 
pressures, orthobaric vapor and liquid densities, ideal gas properties, 
virial coefficients, dielectric constants, heats of vaporization, 
melting pressures, and orthobaric liquid specific heats, enthalpies, and 
entropies. Coefficients were determined by a least squares fit of 
selected experimental data, including several new sets of data not 
included in previous propane correlations. Comparisons between 
experimental and calculated values are given, including those for sound 
velocities, heat capacities, P-o-T data, etc. 


Key words: Densities; dielectric constants; enthalpies; entropies; 
equation of state; fugacities; internal energies; isobars; isochores; 
isotherms; Joule-Thomson inversion; latent heats of vaporization; melting 
line; orthobaric densities; propane; specific heats; vapor pressures; 
velocities of sound. 


1. Introduction 

The present work is a revision and extension of a previous provisional 
report [32] from this laboratory. Since that report many new data have become 
available. These include: P-o-T compressibility data [25,42,94,95,102]; some 
new vapor pressure data [57,66,94,95]; new specific heats [34] and sound 
velocities [107] for the saturated and compressed liquid; and new dielectric 
constant data [42,45] for the saturated and compressed liquid. Other 
correlations (and compilations) for propane [9,16,20,27,41,59, 83,84,86,90,106] 
Should be noted. However, most of these correlations are now outdated with the 
availability of new and accurate data, often in regions in which data did not 
previously exist. 


In the present work a new procedure is employed for selecting the critical 
density, and the nonanalytic equation of state has been modified from previous 
applications [30-33,35,36,38]. Derived heats of vaporization are used to obtain 
enthalpies and entropies of the saturated liquid, such that the free energy of 
vaporization is zero. Thermodynamic functions for the compressed liquid then are 
obtained by use of these derived properties from the triple point to the critical 
point temperature. 

Computations in computer programs (Appendix E) for the present work have 
been conducted in units of the bar, the mol, and the liter. However, SI units 
are used throughout this report in tables and equations. Pressures are given in 
MPa, densities in kg/m, and temperatures in ¥. For thermal properties, the 
mol is used for amounts of substance. Symbols and units used in this report 
appear in Appendix A and conversion factors in Appendix B. Fixed-point values 
used here are in Appendix C. References for the principal physical properties of 
propane are collected in Appendix D. Computer programs for calculation of 
thermophysical properties of propane are in Appendix E. Tne density-temperature 
diagram for propane is presented in figure 1, where the upper, left-hand corner 


shows the freezing liquid line. 


2. Physical Properties and Their Formulation 


2.1 Fixed-Point Values 

These values are listed in Appendix C. 

(a) The Triple Point. The temperature (T, = 85.47 K) is adopted from 
Das and Eubank [20]. The pressure is given by the present vapor-pressure eq (2). 
The liquid density is assigned for consistency with data in eq (3). The vapor 
density is from eq (4) for saturated vapor densities. (In recent work [70] on 
the triple point temperature of propane, including an investigation of two solid 
phases, a value of 1, = 85.52 K was reported.) 

(b) The Boiling Point. The temperature is from vapor-pressure eq (2) at a 
pressure of | atm = 0.101325 MPa. Liquid and vapor densities are from eqs (3) 
and (4). 

(c) The Critical Point. Our selected temperature was found to be the same 
as reported independently by Thomas and Harrison [95]. The pressure, at first 
found from the vapor-pressure equation by simultaneous fitting with P-p-T data, 
fell between values obtained from two propane samples of Thomas and Harrison, and 


thereafter the vapor pressure equation was constrained to this value. The 
critical density was derived by the liquid volume fraction procedure of 

Van Poolen [101] using the ortnobaric densities of Thomas and Harrison [95]. It 
is about one percent higher than that derived by Thomas and Harrison and is 
consistent with the value selected in tne correlation of Das and Eubank [20]. 


2.2 Melting Line and Vapor Pressures 

(a) The Melting Line. Experimental pressures from about two to ten 
kilobars were reported by Reeves, Scott, and Babb [74] as constants for the Simon 
eq (1). Their extrapolation to zero pressure gave T, = Oo Suk GAS Ene lr 
uncertainty in T was at least 1 K, the selected triple-point temperature from Das 
and Eubank [20] is used nere. Melting pressures a) in MPa are given by 


the relation, 


a ; Cc 
Dah ep aes PETITE 11°, (1) 


where P, = 1.6895 x 10719 wpa, fe eo AeK ie a2 leiMba, andye =. 1)-263- 


(b) Tne Vapor Pressures. Data used for adjusting eq (2) appear in the 
first part of table 1. Uther data, weignted zero, appear in the continuation. 
Tne low pressure data with ID = 80 are newly derived via thermal loops [32] by 
use Of new saturated liquid specific heats formulated up to 290 K by Goodwin 


[34]. (See section 2.7.) Define the argument, x = Ws then vapor pressures 
(P.) in MPa are given by the relation, 


&un(P .°10) So EWG oP fo) ae GON ar dex? + esx? + fe(1 - x)* , (2) 


where € = 1.35 and, from least squares analysis, 


Q = = BoI/227 weno ders  WIZ6657, 90059 
Dele SON 73230 e = = 3.8065 42924 
GC = slH5A5I05 ses] heios 1.8832 14505 


The critical-point slope dP / dT (0.08113 MPa/K) was constrained to equal the 
Slope of the critical isochore from the equation of state at the critical point, 
(aP/aT) 


2.3 The Orthobaric Densities 
(a) The Saturated Liquid Densities. Data used for adjusting eq (3) appear 
in the first part of table 2. Other data appear in the continuation. If the 


dependent variable is defined by y(p) = (D9 - Oo) / (0, - oe) and x is defined by | 
KCI S ie - TAKS - T,), then the equation for saturated liquid densities is 


Vos. axe (C= x)shat bex + x2] : (3) 
where « = 0.35 and, froin least squares analysis, 


a = 0.7643 39673 GC = =0 1150: Olen 
b = 0.0094 57047 


Equation (3) is constrained to a triple-point liquid density of 16.630 mol/L, such 
that the calculated densities at low temperatures are consistent with the most recent 
and most reliable data sets [45,64,68,/5]. 

(b) The Saturated Vapor Densities. Data used for adjusting eq (4) appear 
in tne first part of table 3. Data at ID = 1 are derived from the vapor-pressure 
and virial equations. Other data, weignted zero, appear in the continuation of 
table 3. Tne following, new formulation of the compressibility factor for 
saturated vapor utilizes tne vapor-pressure equation, and yields Le as 
Pg d, a benavior needed when integrating the thermodynamic equation of state. 
Let Re = (Ze - 1) where rs is value of the compressibility factor at the 
critical point, and define the arguments, m(T) = Da tees x(T) = WAS 50 and 
u(T) = (1 - x). The saturated vapor densities, Pg = Pot T/A ( Ze eRe then are 


given by o) 
a) an Ay nex eX alts (4) 
where 
m e, 2 Pe: 
f(x) = Teeouc Pa ab xtrecexautcd*xmhar. (4a) 

€ = 0.35, and, from least squares analysis, 

a = 5.439 73368 =) 23687 T0716" 

dD = -20.029 7592 d = -10.105 1069 


Column, F(Z), in table 3 gives the experimental residual, 


AUAy Gee yh) Go 


expt 
2.4 The Virial Equation 

Tnis equation of state usually is accurate at densities up to e./5 when 
truncated as follows 


he : 2 - 
PUR (ar B A(T) ey C. ane (5)) 


The second and third coefficients, B.(T), C_(T), here are dimensionless through 


CN 


use of reduced density and temperature, p OO X= T/T. “Data have been 
iG C 


C 
collected in two excellent monographs [24,71]. Table 4 compares selected data 


with the following fitting functions developed here for propane 


3 
BCT) = By + Bo/ Xx + B3/x t (5a) 
> 5 
Gm erie) SAN) NO wixes Ons xe), (5b) 
where 
Ue = 342.250 K B. = -).468 0172 
By = 0.478 4915 Cy =O omou a0 
Bo = -1.230 0138 Cy = 4,798 6166 


In present work, only the second coefficient has been used: in tnermal loop 
computations; to synthesize P-p-T data for adjusting the equation of state; 
and to obtain saturated vapor densities via the vapor-pressure equation. 


2.5 The Equation of State 

Appendix D and table 7 summarize P-p-T data of propane. Inclusion of the 
recent data of Ely and Kobayashi [25], Thomas and Harrison [95], and of 
Haynes [42] provides a dense coverage of the P(p,7T) surface for propane at 
densities up to 740 kg/m? (16.8 mol/L), and at temperatures from 90 to 623 K. 

The present equation of state is modified from earlier forms [30-33 ,35,36, 
38]. It is nonanalytic, yielding a maximum in specific heats Cj(o.T) at the 
Gmieieal point . 


P = Pi(o) + p.*R LT - T(o)] + oc R ToF(o,T) (6) 


Were POs) = BOO Os Aiea) OM(osio ye 

For any density, obtain the coexistence temperature T(e) by iteration 
from eqs (3) or (4) for the orthobaric densities. Place this in the vapor 
pressure eq (2) to obtain P(e) = PET (eo) 1- Densities, OP, = P/O 4 are reduced 
at the critical point. The gas constant for eq (6) therefore is redefined, 
R= (0.0083145)+p,, NPa/K. 


The temperature-dependent functions in eq (6) are defined as follows. 


o(p,T) = xP sexp [b-(1 - TET A xe ; (6a) 
whneresbe= (1 =.8) +°(1 = ae. Xe T/T Os and Kae ae) TA 
¥(o,T) = ylo.t)/yote) - To, (6b) 


where ¥ bo) is obtained from w(p,T) merely by replacing T with UM) 5 and 


Vio.T) 2) be (Gy, alli) (6c) 


where w(p,T) = £1 - 0(p)/T]. A value for 8 was found by trial. The locus of 
temperatures inside tne coexistence envelope is 


9(p) = Ty(o)cexpl- a-f(o)] , (6d) 
where 
2 3 3 
FCO) n= eo aan are ee) 
(04), = 0,/P, is a constant, and p, refers to liquid density at the triple 


point. The parameter a is to be found by trial. 
The density-dependent coefficients of eq (6) have been developed tediously 
by trial with data for propane; 


and 


- 1)*(p, = C)eexp(- ye04) (6f) 


where parameters Cy and y are to be found by trial. 
The parameters and coefficients of eq (6) for propane are 


Sel, Bu =) O70: Yo t=aOiesl 5: Men eee ee 
1 0.4565 0524 198 Ore ier ane 


v) 
9 0.1582 "2653. 715 Cy -0.2490 4576 736 


w wm 2 
1 


Table 5 gives behavior of coefficients B(p), Cp). 
Behavior of the calculated critical isotherm near the critical density is 


shown in table 6. In particular, the slope (3P/3p iT is seen to have no 
stile 


cr 


negative values. (Nensities in table 6 are reduced at the liquid triple point, 
Prt = p/o,-) Table 7 gives deviations of experimental densities and pressures 
from the equation-of-state surface for most available data. Data not used for 
adjusting the equation of state include those of Tomlinson [98], Deschner and 
Brown [22], Teicnmann [94], and of Warowny, et al. [102]. 

Some of the preliminary data of Thomas and Harrison [95] (for T > Tc) that 
were used in the fit of tne equation of state were subsequently adjusted as a 
result of a small air impurity (0.004 percent) in their sample gas. The maximum 
change in pressure was 0.017 percent while the average change was 0.004 percent. 
Such a small change has negligible effect on the equation of state. Comparisons 
witn tne corrected data of Thomas and Harrison are given at the end of table 7. 
The preliminary data, which were used in the fit but do not appear in the table, 
are represented by data points 720-931 missing from the table. For temperatures 
less than T,, most of the data of Thomas and Harrison (designated in table 7 as 
points 1460-1988) were obtained with a different sample and they made no 
adjustments to this data. 

On the first page of table 7, a summary of comparisons of P-p-T data with 
values calculated from the equation of state is given. For the isochores of 
Thomas and Harrison, deviations in the table are those for the corrected data. 
For the preliminary data the density and pressure deviations are 0.43 and 0.32 
percent, respectively, or approximately the same as those for the corrected 
data. 

An explanation for some of the large density deviations in table 7 (e.g., 
data points 1626, 1640, etc.) that are exhibited wnen the data of Thomas and 
Harrison [95] are compared with the equation of state should be noted. These 
data points were taken extremely close to the liquid-vapor coexistence boundary. 
Although the pressure deviations were relatively small (maximum of 0.15 percent) 
when compared to the equation of state, the pressure deviations were of suffi- 
cient magnitude in some regions of experimental data such that the calculated 
density fell on the wrong side of the "dome" and gave a liquid instead of a vapor 
density, or vice versa. 

It should be noted that the functional form of the equation of state for 
propane given here also has been used in current work on isobutane [37] and 
normal butane [43]. Identical nonlinear parameters, except for small differences 
in y, have been obtained for all three fluids in optimizing this equation to 
available P-p-T data. 


2.6 The Ideal Gas Functions 

Chao, et al. [13] calculated ideal gas thermodynamic properties using 
spectroscopic data and compared results for tne specific heat with other 
sources. A plot of their A(T) is linear at low temperatures, changing to the 
usual sigmoid shape at high temperatures, a benavior that we could not represent 
analytically. Their enthalpies are represented by use of the arguments 
X= /AO0 ainda a= yl. 


5 . 
Coe He) /RT = 4 +. exp(- €/x)° ds A./u' : (7) 
i= 


wnere R = 8.31434 J/(mol°K), € = 3, and 


Ay = 24.11012 Az = 9380.124065 
A, = 94 .40550 Ay = -673.04094 
Ay = -585.32814 As =  170.42778 


Specific heats are CAT) = dH°/dT, but the entropies require numerical 


integration (SUBROUTINE IDEAL, Appendix —), 
@) (@) i (0) 
s°(T) = $°(300) +f elaine Gay 
300 -? 


where 5°(300)/R = 32.552. Table 8 presents the data used for adjusting 
eq (7), and table 9 gives interpolated results from eq (7). 


2.7 Thermal Loop Computations 

At temperatures from the triple- to the normal boiling-point, new data have 
been derived for vapor pressures, saturated vapor densities, and for heats of 
vaporization by thermal loop computations including AH and AS for saturated vapor 
and for saturated liquid. The procedure given by Goodwin [32], and more 
generally by Yarbrough and Tsai [103], used virial eq (5), ideal gas functions 
eq (7), the heat of vaporization of Kemp and Egan [53] at the normal boiling 
point, and the following formulation of tne specific heats of Goodwin [34] for 
the saturated liquid from the triple point to 290 K. Define x = 1T/369.80, then 


5 
G.(T)Mee A aay Cl oO 7D fexnd ash (8) 


in J/(mol°K), where 


e = oy Ag = 48.1034 
Ay So ho IR Ng = -100.24355 
Ay = WT MASTS Ag =  135.42504 


The rms relative deviation is 0.13 percent for the 76 data points. (The 
temperature, 369.80 K, was used as a reducing parameter for x in the original 
thermal loop computations. Since the fit of the specific heats is independent of 
the selected temperature over a wide range, it nas not been changed to the 
critical temperature selected in the present work.) 

Results for the vapor pressures appear in table 1 at ID = 80, and for the 
heats of vaporization in table 10 at ID = 40. Saturated vapor densities from the 
thermal loop computations are replaced in table 3 at ID = 1 by derived data from 
the fitted vapor-pressure eq (2) and the virial eq (5). 


2.8 The Heats of Vaporization 
Table 10 shows the "fit" of selected data. Those at ID = 40 are derived via 
thermal loops (section 2.7). Those at ID = 41 are from the Clapeyron equation. 


The formulation of tnese data in kJ/mol uses arguinent x(T) = ie - ie - T.)3 
= C) ae of e see 
Sua = A, Keren ex x) LA, + A, x + Aa milly we, (9) 
where 
we OES6 A3 = 6.252 384 
A, = 24.840 848 Aq = =i | DOLOOU, 
Ay 2b Soe OSS 


The uncertainty of at least 0.5 percent in derived data For Qv an at the higner 
temperatures will affect compressed liquid thermofunctions at these temperatures, 
because we use Qvap to compute AH and AS across the "dome," froin saturated 

vapor to liquid along isotherms. 


2.9 Saturated Liquid Enthalpies and Entropies 

Data for saturated liquid enthalpies and entropies have been derived at 
temperatures from the triple- to the critical-point by use of the ideal gas 
functions, the equation of state, and the formulated heats of vaporization. The 
enthalpies then have been formulated, as shown in table 11. Define the 
variables 


wnen the enthalpies, Ho(T)» are described in J/mol by 


/E : 
Vie = ear Ge Soe > A. °x : (10) 
1= 


where e€ = 0.37, Hy = 0.001 J/mol, He = 33082.187 J/mol and 


A, = 10.2998 57304 A, = -0.9494 39705 
Ao = 0.3868 58687 Ag = Oc 1462098078 
A. = -0 6240 97828 A, = “OSS 7o5ie 
Aa = 1.0360 U3301 


Tne formulation of saturated liquid entropies in J/(mol*K) is shown in 


tables 2er. Let <= (Te = Ge - T,) and y = (S, - SAIS, - So) then 


8 ; 
y = x+ (© =X) oie. : (a) 
i=] 


= 
=F 
@m 
ia 
iq’) 
(08) 
ii] 
SS 
ww 
ro 
w 
w 


pe 82.56147 J/(molsK), So = 234.72617 J/(mol*K), and 


iT} 


=) «0: 126307708 A 14.0277 6880 


A 

] ) 
Ay = -0.7539 54622 Ke = -20.6289 4506 
Ay = 1.25325, 70427 A, = + 16.0117 8434 
Ayo = -5.9696 10330 Ae = - 5.4110 8275 


Specific heats along the saturated liquid path follow from the relation, 
C (7) = TedS /dT, in J/(mol*K), as given in the last column of table 12. For 
the thermal computations, these derived C (7) values are replaced by our 
formulation of experimental data, given below in section 4.1. 

All of the above saturated liquid formulations for HiT) S(T); and 
Cay) are used to compute thermodynamic properties for compressed liquid 


states at T < Te. 


2.10 Dielectric Constants 

Table 13 presents experimental and calculated dielectric constants, e€, for 
the saturated vapor [89] and liquid [45,89] and for the compressed liquid [42] of 
propane. These data are formulated via tne Clausius-Mossotti function, 


CME =! (EP (ed20 9) (Cee l2)yo.eemofmol (12a) 


10 


The following formulation has been used to tabulate e« along isobars in table 21 
at temperatures extrapolated up to 450 K, and at pressures up to 70 MPa. Define 
tne variables, 

XU A= We 5 Pp. = p/P. > 


wnere P is in MPa, when 


, 2 

Bice hee cot Aap aaAgrem (1 + li/x)i+ ApeP/10 (12b) 
A, = 15.562 6310 Ay = 0.5107 4051 

Ay = 0.385 3141 Ag = -0.0045 1412 

ABM =) =0.-1150 9977 


Data at high pressures nave a diminisned weignting as seen in table 13. The rms 
relative deviation for 260 points is 0.048 percent in the CMF, and 0.018 percent 
for the dielectric constants. 

Comparisons are not given in table 13 for data not used in the fit to 
eq (12). The dielectric constants of Pan, Mady, and Miller [69] at temperatures 
from 91 to 115 K differ from those calculated from eq (12) by approximately 0.8 
to 1.0 percent while those from Thompson and Miller [96] and Luo and Miller [62] 
at temperatures between 220 and 288.7 K agree within 0.1 percent with values 
calculated from eq (12). 


3. Computational Metnods 

The numerical values for E and H in this report are based on the assigned 
value, E = 0 at the liquid triple-point, obtained by use of the arbitrary value, 
E. = 21,888.910 J/mol. Specific heats of Kemp and Egan [53] could be 
integrated to give the solid at T = 0 as reference state. 


3.1 The Homogeneous Domain 

The homogeneous domain of figure 1 includes all regions which can be 
attained along isotherms starting at zero density without crossing the 
vapor-liquid "dome," 
T > Mies 


Computations start with ideal gas thermodynamic functions at zero density, 


and without passing very close to the critical point at 


and then continue by integrating along isotherms by use of the equation of state 
in the following relations, 


ll 


KE = ne Ee, = T=(aP/aT)]«do/p“ ; (alle) 


ale eae. ff (2%P 127") +do/0° (14) 
3 i 

AS = Regn[P (oat) 1 +f [R — (aP/on/o t=do/o. (15) 
(0) 


Equation (15) is for use with initial entropies in hypothetical ideal gas states 
at P° = 1 atm (0.101325 MPa). SFor all other! initial svates. 


AS ee ge if (aP/aT)*do/e* . (15a) 
In each (p,T) state, reached by above integrations, the following are computed, 
His OE euPeny= (16) 
ae 2 
C, en ovens T(oPyan) /CoPsepiyie. 4%. (iy) 

and 

Voi Cis (aP/ soe (18) 

v p Vv e 


3.2 The Saturated Liquid 
At temperatures from the triple point up to the critical point, thermofunc- 
tions for the saturated vapor are obtained via eqs (13) through (16). Then 


eq (9) is used for the heat of vaporization, Q to compute 


vap’ 
NOS Si a Ouai Si = SA eee (19) 


such that tne free energy of vaporization, AF = AH - TeAS, is zero (see 

section 2.9). Having obtained H and S for the saturated liquid, E = H - Pev is 

computed. 
The single-phase specific heat, Cy(o.T); at the saturated liquid boundary, 

is obtained via eq (23) for C A(T) given below, and the thermodynamic relation, 


Clon): ae Mia T+(aP/aT) «(dp »/aT) /0% ; (20) 


sl 
where Py is density of the saturated liquid. Values for C_(p,T) and W(o,T) on 


this boundary follow from eqs (17) and (18). For liquid at the normal boiling 
point, the following values have been obtained, 


Th = 231.068 K, H 


E. = ISIZ862 aol. S 


3.3 The Compressed Liquid 


IG13529" J/ mol, 
171.288 J/(mol*K). 


lon ter 


Starting with above values for E, S, and C, on the saturated liquid 
boundary, eqs (13), (14), and (15a) are used to integrate along isotherms, and 
then H, oN and W are obtained via eqs (16), (17), and (18). 


3.4 Fugacity Coefficients 

The fugacity coefficients in table 21 were computed along isotherms relative 
to properties in nypothetical ideal gas states at a pressure, p° = 1 atm 
(0.101325 MPa), 


(f/P) = (P°/P)-exp [AF/RT] . (21) 


For any (P,1) point, the isothermal free energy change is 
Meee Ea Te(S - S°) (22) 


in which tne arbitrary value of Ey was added to tabulated values of H(P,T) 
such that E(P,T) = 0 for liquid at the triple point. 


3.5 Simplified Computation 

Given the subroutines of Appendix E, it is necessary first to call 
SUBROUTINE PVTDATA, to place constants in common statements. To obtain the 
density in mol/L at a given T,« and P,bar, it is necessary merely to write the 
instruction DEN = FINDENF(T,P) for single-phase domains. Coexisting densities 
are given by the functions DENGASF(T) and/or DENLIQF(T), and the vapor pressure 
inepar py PSATE(T). 

For thermodynamic properties, the subroutine SIMPLE here is an example of 
how to use the general subroutine THERMO (see Appendix E£). 


4. Tests and Comparisons 

In the provisional report, Goodwin [32] compared some enthalpy differences 
and residual specific heats with derived results of independent authors, i.e., 
Kuloor, et al. [59], Eubank, et al. [27], to ensure freedom from gross errors. 
These now are omitted, as present properties are comparable with the earlier 
work. Following are some comparisons of experimental specific heats and speeds 
of sound with calculated values. 
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4.1 Specific Heats 

Table 14 gives a comparison of saturated liquid specific heats, taken from 
the report by Goodwin [34]. These are formulated with coefficients revised for 
the present critical temperature of 369.85 K; for tne range from ee to We 
WaliGi Xone Ae the saturated liquid specific neats, in J/(mol*K), are given by 


5 q 
G(T) = Apx/G =) 3 Ae (23) 
where 
= Os Ag = 8.275 839 
Ay = 6.006; 707 Ag = -19.926 387 
wy) = S0E1G7 32 As = 5208621 


Table 15 gives comparisons of C and SS data of Ernst [26], Goodwin [34], 
and Yesavage [104,105] with calculated values. 


4.2 Sound Velocities 

Table 16 gives comparisons of velocity of sound data with calculated values 
for the saturated liquid results of Rao [72] and of Younglove [107], and for the 
single-phase measurements of Lacam [60] and of Younglove [107]. The differences 
approaching 6 percent at low temperatures have required a careful scrutiny of the 
calculated derivatives used in the computation of the sound velocity. The 
calculated values of (8P/3o) in table 18 agree well with plots of Haynes [42] 
isotherms at low temperatures, and the calculated values of (dP/3T) in table 17 
agree with plots of the Ely and Kobayashi [25] isocnores. The uncertainty of up 
to 3 percent in the C (0,7) data in table 15 thus corresponds to an estimated 
maximum uncertainty of about 2 percent in the calculated speeds of sound at low 
temperatures. For saturated liquid, the present calculated values fall between 
those of Rao [72] and Younglove [107]. | 


5. Tables of Physical and Thermodynamic Properties 


5.1 Calculated P-p-T Isochores and Isotherms 

Tables 17 and 18 give a selection of isochores and isotherms computed by 
equation of state (6). These are essential to examine behavior of the P(p,T) 
surface. They are a useful supplement to the isobars of table 21 for 
interpolating P-o-T values and their derivatives. 
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The tables of isechnores show that the isochore curvatures are qualitatively 
consistent with a maximum in the syecific heat C (0.7) at the critical point. 
Tne isotherm tables show that oP/dp is nonnegative and that pressure increases 
monotonically with density along isotherms. 


5.2 The Joule-Thomson Inversion Locus 


tt 


0, 
obtained from equation of state (6) under the condition T°(0P/3T) = p*(3aP/ap). 
This table has been computed to temperatures well above those of P-o-T data, to 


Table 19 gives tne P-p-T locus of the JT inversion, (3T/aP),, 


show approach to a imaximum in P-T coordinates. 


5.3 Thermopnysical Properties of the Saturated Liquid 

Table 20 gives physical and thermodynamic properties of the saturated liquid 
computed by methods of section 3. (Properties of the saturated vapor can be 
obtained from Table 21 from values given at the coexistence boundary for each 
isobar.) 


5.4 Thermophysical Properties Along Selected Isobars 

Table 21 gives physical and thermodynamic properties on isobars, comouted by 
metnods of section 3. These tables are extrapolated above tne maximum 
temperature and pressure of P-p-T data used for adjusting the equation of state. 
Small discontinuities may be detected at Ve = 369.85 K along isobars at 
Po Pe = 4.24746 MPa due to a change in the paths of computation (section 3). 

The first line of each table refers to freezing liquid on tne P(T) melting 
line. Each table at P < re contains a blank line for the transition from 
Saturated liquid to vapor, as seen by the abrupt decrease of density. Dielectric 
constants are extrapolated above iaximum experimental temperatures and pressures 
(see section 2.10 and table 13). 


6. Acknowledgments 

Roland H. Harrison and R. H. P. Thomas of the Department of Energy, 
Bartlesville Energy Technology Center kindly communicated the results of their 
extensive P-p-T measurements before publication of their data. Many staff 
members of the Thermophysical Properties Division of the National Bureau of 
Standards have contributed valuable suggestions, references, and documents. 
Robert D. McCarty contributed the essential least-squares program, providing for 
constraints. James F. Ely indicated the new numerical integration procedure, and 
the simple method for obtaining fugacities. Lambert J. Van Poolen assisted with 


1S) 


the procedure for liquid volume fractions. Neil A. Olien and tne Cryogenic Data 
Center have been of invaluable assistance in supplying references and in 
obtaining documents. Special thanks go to Karen A. Bowie for ner diligence and 
expertise in the preparation of the manuscript and tables for publication. 
Finally, we express grateful appreciation for support of this work by the Gas 
Researcn Institute. 


16 


ie 
[1] 
[2] 


[3] 


[4] 


[6] 


[7] 


[8] 


[10] 


[11] 


[12] 


References 


Babb, S. E., Jr. and Robertson, S. L., Isotherms of ethylene and propane 
LomOO0Ombanaiwen Chem Phys-153) i(3))/,, 1097> (1970). 

Beattie, J. A., Kay, W. C. and Kaminsky, J., The compressibility of, and 
an equation of state for gaseous propane, J. Am. Chem. Soc. 59, 1589 (Sep 
1937). 

Beattie, J. A., Poffenberger, N. and Hadlock, C., The critical constants 
of propane, J. Chem. Phys. 3, 96 (Feb 1935). 

Beeck, 0., The exchange of energy between organic molecules and solid 
surfaces. Part I. Accommodation coefficients and specific heats of 
hydrocarbon molecules, J. Chem. Phys. 4, 680 (1936). 

Bottomley, G. A., Massie, N. S. and Whytlaw-Gray, R., A comparison of the 
compressibilities of some gases with that of nitrogen at pressures below 
One atmosphere, Proc. Roy. Soc. (London) A200, 201 (1950). 

Brewer, J., Determination of mixed virial coefficients, Midwest Researcn 
Institute, Kansas City, Mo. 64110 (Dec 1967). 

Burgoyne, J. H., Two-phase equilibrium in binary and ternary systems. 
IV. The thermodynamic properties of propane, Proc. Roy. Soc. (London) 
A176, 280 (1940). 

Burrell, G. A. and Robertson, I. W., Vapor pressures of various compounds 
at low temperatures, U. S. Bur. Mines Tech. Paper No. 142 (1915). 
Canvas eoaNo.e Patel Ne Rov and Manning, F. S., Thermo properties of 
hydrocarbons: Part 4. Thermodynamic properties of propane, Hydrocarbon 
Process 41 (11), 203 (Nov 1962). 

Carney, B. R., Density of liquefied petroleum gas hydrocarbons, their 
mixtures and three natural gasolines, Petroleum Refiner 21 (9), 274 (Sep 
1942). 

Carruth, G. F., Determination of the vapor pressures of n-paraffins and 
extension of a corresponding states correlation to low reduced 
temperatures, Thesis, Department of Chemical Engineering, Rice Univ., 
Houston, Tx. (1970). 

Carruth, G. F. and Kobayashi, R., Vapor pressure of normal paraffins 
ethane through n-decane from their triple points to about 10 mm Hg, J. 
Chem Eng. VataglasliSy (1973) 


17 


f13i 


[14] 


Oe 


[16] 


[20] 


[24] 


p25 


Chao, J., Wilhoit, R. C. and Zwolinski, B. J., Ideal gas thermodynamic 
properties of ethane and propane, J. Phys. Chem. Ref. Data 2 (2), 427 
(1973). 

Cherney, B. J., Marchman, H. and York, Jr., R., Equipment for 
compressibility measurements, Ind. Eng. Chem. 41, 2653 (Nov 1949). 

Clegg, H. P. and Rowlinson, J. S., The physical properties of some 
fluorine compounds and their solutions. Part 2. Tne system sulphur 
hexafluoride + propane, Trans. Faraday Soc. 51, 1333 (1955). 

Crvogenics Data Center, Institute for Basic Standards, NBS, Boulder, Colo. 
80302, Bibliography of References: Thermophysical properties of propane 
in the solid, liquid and gaseous phases (Apr 27, 1975). 

Cutler, A. J. B. and Morrison, J. A., Excess thermodynamic functions for 
liquid mixtures of methane + propane, Trans. Faraday Soc. 61, 429 (1965). 
Dailey, B. P. and Felsing, W. A., The heat capacities at higher 
temperatures of ethane and propane, J. Amer. Chem. Soc. 65, 42 (1943). 
Dana, L. I., Jenkins, A. C., Burdick, J. N. and Timm, R. C., Thermodynamic 
properties of butane, isobutane, and propane, Refrigeration Engineering 12 
(12) 2387 (Jun 1926). 

Das, T. R. and Eubank, P. T., Thermodynamic properties of propane, 

Part I: Vapor-liquid coexistence curve, Advances in Cryogenic Engineering 
Vore 18 5°208 (4/97 3) 

Dawson, P. P. and McKetta, a J., Zs for propane and methylacetylene, 
Petroleum Refiner 39 (4), 151 (Apr 1960). 

Deschner, W. W. and Brown, G. G., P-V-T relations for propane, Ind. Eng. 
Chem. 32 (6), 836 (Jun 1940). 

Dittmar, P., Schulz, F. and Strese, G., Durck/Dichte/Temperatur-Werte fuer 
Propan und Propylen, Chemie-Ing.-Techn. 34 (6), 437 (Jun 1962). 


Dymond, J. H. and Smith, E. B., The Virial Coefficients of Pure Gases and 


Mixtures, Oxford University Press, Fairlawn, N. J. (1979). 


Ely, J. F. and Kobayashi, 2., Isochoric pressure-volume-temperature 
measurements for compressed liquid propane, J. Chem. Eng. Data 23 (3), 221 
(1978). | 

Ernst, G. and Busser, J., Ideal and real gas state heat capacities Cy of 
CHo » 1-C,Hy 9; CoF.Cl, CHOCICF., CF,CICFCI,, and CHF,C1l, J. Chem. 
Thermodynam. 2, 787 (1970). 


2 


18 


[27] 


[28] 


[29] 


[30] 


fo 


[32] 


33] 


[34] 


[35] 


[36] 


L371 


[38] 


[39] 


Eubank, P. T., Das, T. R. and Reed, C. 0., Jr., Thermodynamic properties 
of propane, Part II: PVT surface and corresponding thermodynamic 
properties, Advances in Cryogenic Engineering Vol 18, 220 (1973). 


Francis, A. W., Pressure-temperature-liquid density relations of pure 
hydrocarbons, Ind. Eng. Chem. 49 (10), 1779 (Oct 1957). 

Gilliland, E. R. and Scheeline, H. W., High-pressure vapor-liquid 
Squmltibmaum.) Ind. eng. Chem. 32°(1), 48 (1940). 

Goodwin, 2. ., Equation of state for thermodynamic properties of fluids, 
Jemrese Nat. Bur. Stand. (U.S.) 79A (1). 71 (1975). 

Goodwin, R. D)., An equation of state for thermodynamic properties of pure 
fluids, CODATA, Biennial International Conf., Proc. 5th (Boulder, Colo., 
Jun 28-Jul 1, 1976), B. Dreyfus, Editor. Pergamon Press, New York, 441-4 
(1977). 

Goodwin, R. D., Provisional thermodynamic functions of propane, from 85 to 
700 K at pressures to 700 bar, Nat. Bur. Stand. (U.S.) NBSIR 77-860 (Jul 
1977). 

Goodwin, R. D., On the nonanalytic equation of state for propane, Advances 


in Cryogenic Engineering, Proc. Cryogenic Engineering Conf. (Boulder, 


Colo., Aug 2-5, 1977) Vol 23, K. D. Timmerhaus, Editor. Plenum Press, New 
York, 611-8 (1978). 

Goodwin, R. D., Specific heats of saturated and compressed liquid oropane, 
demkes- Nate Bur.) Stand. (U-S.) 83 (5); 449 (1978). 

Goodwin, R. D., Modification of the nonanalytic equation of state for the 
limit of low densities, J. Res. Nat. Bur. Stand. (U.S.) 83 (4), 325 
(1978). 

Goodwin, R. D., The nonanalytic equation of state for pure fluids applied 
to propane, in Equations of State in Engineering and Research (Advances in 
Chemistry Series No. 182), K. C. Chao and R. L. Robinson, Editors, The 
American Chemical Soc., Washington, D.C. (1979). 

Goodwin, R. D. and Haynes, W. M., Thermophysical properties of isobutane 
from 115 to 700 K at pressures to 70 MPa, Nat. Bur. Stand. (U.S.), 

Tech. Note, to be published. 

Goodwin, R. D., Roder, H. M. and Straty, G. C., Thermophysical properties 
of ethane, from 90 to 600 K at pressures to 700 bar, Nat. Bur. Stand. 
(U.S.) Tech. Note No. 634 (Aug 1976). 

Gunn, R. D., The volumetric properties of nonpolar gaseous mixtures, M. S. 
Thesis, University of California, Berkeley (1958). 


19 


[40] 


41] 


[42] 


[43] 


[44] 


[45] 


[45] 


[47] 


[48 ] 


[49] 


F501 


Lot 


[52] 


Hahn, V. R., Schafer, K. and Schramm, B., II. Messunqen zweiter 
virialkoeffizienten im temperaturbereich von 200 - 300 K, Ber. Bunsenges 
Phys. Chem. 78 (3), 287 (1974). 

Hanson, G., Thermodynamic properties of saturated propylene, propane, 
isobutane, isobutylene and normal butane, Trans. Am. Inst. Chem. Engineers 
42, 959 (1946). 

Haynes, W. M., Measurements of densities and dielectric constants of 
liquid propane from 90 to 300 K at pressures to 35 MPa, to be publisned. 
Haynes, W. M. and Goodwin, R. D., Thermophysical properties of normal 
butane from 135 to 700 K at pressures to 70 MPa, Nat. Bur. Stand. (U.S.), 
Monograph, to be published. 

Haynes, W. M. and Hiza, M. J., Measurements of the orthobaric liquid 
densities of methane, ethane, propane, isobutane, and normal hutane, J. 
Chem. Thermodynam. 9 (2), 179 (1977). 

Haynes, W. M. and Younalove, RB. A., Dielectric constants of saturated 
liquid propane, isobutane, and normal butane, Advances in Cryogenic 
Engineering, Vol. 27 fed. R. W. Fast, Plenum Press (in press) ]. 

Helgeson, N. L. and Saqe, B. H., Latent neat of vaporization of propane, 
J. ChemsEng. Data 12°01), 47 (1967). 

Huang, E. T. S., Swift, G. W. and Kurata, F., Viscosities of metnanecand 
propane at low temperatures and high pressures, AIChE J. 12 (5), 932 (Sep 
1966). 

Jensen, R. H. and Kurata, F., Density of liquefied natural gas, J. Petrol. 
Technol .21,, 683 (dun 1969). 

Jessen, F. W. and Lightfoot, J. H., Compressibility of butane-pentane 
mixtures below one atmosphere, Ind. Eng. Chem. 30, 312 (1933hr 

Kahre, L. C., Liquid density of light hydrocarbon mixtures, J. Chem. Eng. 
Data 13° -(3))> 267 {Jul 1973): 

Kahre, L. C. and Livingston, 8. J., More accuracy in liquid propane 
compressibility, Petroleum Refiner 43 (4), 119 (Apr 1964). 

Kapallo, W., Lund, N. and Schafer, K., Zwischen molekulare kraeffe 
zwischen agleichen und ungleichen molekeln aus virialkoeffizienten, Z. 
Phys. Chem. Frank. Ausg. 37, 196 (1963). 


29 


[53] 


[54] 


[55] 


[56 | 


[57] 


[58] 


£59] 


[60] 


L61] 


[62] 


[63] 


[64] 


[65] 


Kemp, J. D. and Egan, C. J., Hindered rotation of the methyl groups in 
propane. The heat capacity, vapor pressure, heats of fusion and 
vaporization of propane. Entropy and density of the gas, J. Am. Chem. 
SOG MOON) ho2zl s(Jul 1938). 

Kistiakowsky, G. B., Lacher, J. R. and Ransom, W. W., Tne low temperature 
gaseous heat capacities of certain C3 hydrocarbons, J. Chem. Phys. 8, 

970 (1940). 

Kistiakowsky, G. B. and Rice, W. W., Gaseous heat capacities. II., J. 
Chem. Phys. 8, 610 (1940). 

Klosek, J. and McKinley, C., Densities of liquefied natural gas and of low 
molecular weight hydrocarbons, Paper 22, session 5, First Internat. Conf. 
on LNG, Chicago (Apr 1968). 

Kratzke, H., Thermodynamic quantities for propane. 1. The vapor pressure 
of liquid propane, J. Chem. Thermodynam. 12, 305 (1980). 

Kretschmer, C. B. and Wiebe, R., The solubility of propane and the butanes 
iitmethanol. J. Am. Chem. Soc. 73, 3/78 (1951). 

Kuloor, N. R., Newitt, D. M. and Bateman, J. S., Propane, in Thermodynamic 


Functions of Gases, Vol 2, F. Din, Editor, Butterworths Scientific 


Publications, London (1956). 

Lacam, A., Etude experimentale de la propagation des ultrasons dans les 
fluides en fonction de la pression (1200 atm) et de Ja temperature 
(200°C), J. Rech., Centre Natl. Rech. Sci. Lab. Bellevue (Paris) 34, 25 
(1956). 

Lacey, W. N. and Sage, B. H., Properties of pure propane, Petroleum World, 
page 37 (Dec 1934). 

Luo, C. C. and Miller, R. C., Densities and dielectric constants for some 
LPG components and mixtures at cryogenic and standard temperatures, 
Cryogenics 21, 85 (Feb 1981). 

Maass, 0. and Wright, C. H., Some physical properties of hydrocarbons 
containing two and three carbon atoms, J. Am. Chem. Soc. 43, 1098 (1921). 
McClune, C. R., Measurement of the densities of liquefied hydrocarbons 
TOMO SmCOn 73 ake ucryogenics lo, 289 (1976). 

McGlashan, M. L. and Potter, D. J. B., An apparatus for the measurement of 
the second virial coefficients of vapors; the second virial coefficients 
of some n-alkanes and of some mixtures of n-alkanes, Proc. Roy. Soc. 
(London) A267, 478 (1962). 


21 


[68] 


[59] 


[70] 


[72q 


[73] 


[74] 


Pied 


[76] 


[77] 


[78] 


Mousa, A. H. N., The physical properties of highly purified samples of 
propane and n-hexane, J. Chem. Thermodynam. 9, 1063 (1977). 

National Gasoline Assoc. Amer., Technical Committee, Densities of 
liquefied petroleum gases, Ind. Eng. Chem. 34 (10), 1240 (Oct 1942). 
Orrit, J. and Laupretre, J. M., Density of liquefied natural gas 
components, Advances in Cryogenic Engineering Vol. 23, 573 (1978). 

Pan, W. P., Mady, M. H. and Miller, R. C., Dielectric constants and 
Clausius-Mossotti functions for simple liquid mixtures: systems 
containing nitrogen, argon and light hydrocarbons, AIChE J. 21 (2), 283 
(V975)e 

Pavese, F. and Besley, L. M., Triple-noint temperature of propane: 
measurements on two solid-to-liquid transitions and one solid-to-solid 
transition, J. Chem. Thermodynamics 13, 1095 (1981). 

Pompe, A. and Spurling, T. H., Virial Coefficients for Gaseous 
Hydrocarbons, Tech. Paper No. 1, Commonwealth Scientific and Industrial 
Research Organization, Melbourne, Australia (1974). 

Rao, M. G. S., Temperature variation of ultrasonic velocity and related 
thermodynamic parameters in liquid propane and n-butane, Indian J. Pure 
and Applied Physics 9, 169 (Mar 1971). 

Reamer, H. H., Sage, B. H. and Lacey, W. N., Phase equilibria in 
hydrocarbon systems: Volumetric behavior of propane, Ind. Eng. Chem. 41 
(3), 482 (1949). 

Reeves, L. E., Scott, G. J. and Babb, S. E., Jr., Melting scunvesvon 
pressure-transmitting fluids, J. Chem. Phys. 40 (12), 3562 (Jun 1964). 
Rodosevich, J. B. and Miller, R. C., Experimental liaguid mixture densities 
for testing and improving correlations for liquefied natural gas, AIChE J. 
19 (4) 5 #29" (Jul 1973). 

Rossini, F. D., Pitzer, K. Ss, Taylor, W. Ji, Ebert, ‘J. P., Kilipatwien 
J. E., Beckett, C. W., Williams, M. G. and Werner, H. G., Tables of 
selected values of properties of hydrocarbons, Nat. Bur. Stand. Circular 
C-461 (1947). 

Rowlinson, J. S., Liquids and Liquid Mixtures, Plenum Press, New York, 
NOY. (1969). 

Rowlinson, J. S. and Tildesley, D. J., The determination of the gas 
constant from the speed of sound, Proc. Roy. Soc. (London) A358, 281 
(1977 ys 


i794 


[30] 


[81] 


[82] 


[83] 


[84] 


[R5] 


[86] 


[87] 


[88] 


[89] 


Sage, B. H., Evans, H. D. and Lacey, W. N., Phase equilibria in 
hydrocarnon systems. Latent heat of vaporization of propane and 
n-pentane, Ind. Eng. Chem. 31 (6), 763 (Jun 1939). 

Sage, B. H. and Lacey, W. M., Phase equilibria in hydrocarbon systems 

IX. Specific heats of n-butane and propane, Ind. Eng. Chem. 27 (12), 1484 
( [9S 

Sage, B. H., Schaafsma, J. G. and Lacey, W. N., Phase equilibria in 
hydrocarbon systems. V. Pressure-volume-temperature relations and thermal 
properties of propane, Ind. Eng. Chem. <6 (11), 1218 (Nov 1934). 

Sage, B. H., Webster, D. C. and Lacey, W. N., Phase equilibria in 
hydrocarbon systems. XX. Isobaric heat capacity of gaseous propane, 
n-butane, isobutane, and n-pentane, Ind. Eng. Chem. 29, 1309 (1937). 
Sallet, 1). W. and Wu, K. F., (Univ. Maryland) Thermodynamic pronerties of 
liquefied petroleum gases, for ).S. Department of Transportation (Apr 
1980), available via Nat. Tech. Info. Service, Springfield, Va 22161, 
PB80-189053. 

Sallet, D. W. and Palmer, M. E., The calculation of the thermodynamic 
properties of propane, propylene, n-butane and ethylene, for U.S. 
Department of Transportation (Apr 1980), available via Nat. Tech. Info. 
Service, Springfield, Va 22161, PB80-189061. 

Seeman, F.-W. and Urban, M., Die Dichte des Fluessigen Propans, Erodoel 
und Kohle Erdgas Petrochemie 16 (2), 117 (Feb 1963). 

Seshadri, D. N. and Viswanath, D. S., Thermodynamic properties of propane, 
Proc. 5th Riennial International CODATA Conf., 8B. Dreyfus, Editor, 
Pergamon, Oxford, 413-23 (1977). 

Shana'a, M. Y. and Canfield, F. B., Liquid density and excess volume of 
light hydrocarbon mixtures at -165°C and at saturation pressure, AIChE 
51st Nat. Meeting, Houston, Tx (Feb 19, 1967); Trans. Faraday Soc. 64, 
2281 (1968). 

Sliwinski, P., Die Lorentz-Lorenz-Funktion von dampffoermigem und 
fluessigem aethan, propan und butan, Z. Physik. Chem. (Frankfurt) 63, 243 
(1969). 

Sliwinski, P., Die Clausius-Mossotti-Funktion fuer die gesaettigten 
daempfe und fluessigkeiten des aethans und propans, Z. Physik. Chem. 
(Frankfurt) 68, 91 (1969). 


23 


[94] 


[95] 


[96] 


[97] 


[98] 


[99] 


[100] 


[101] 


[102] 


Starling, K. E. and Kwok, Y. C., Thermo data refined for LPG. 

Part 4: propane, Hydrocarbon Processing, p. 116 (Jun 1971). 

Staveley, L. A. K. and Tupman, W. I., Entropies of vaporization and 
internal order in liquids, J. Chem. Soc. 1950, 3597 (1959). 

Stearns, W. V¥. and George, E. J., Thermodynamic properties of propane, 
Ind. Eng. Chem. 35 (5), 602 (May 1943). 

Strein, V. K., Lichtentnaler, R. N., Schramm, B. and Schaefer, Ki. 
Messwerte des zweiten virialkoeffizienten einiger gesaettigter 
konlenwasser-stoffe von 300 - 500 K, Ber. Bunsenges Phys. Chem. 75 (12), 
1308 “971):. 

Teichmann, J., Pressure-density-temperature measurements of liguid propane 
and benzene, Ph.D. dissertation, Ruhr University, Bochum (1978). 

Thomas, R. H. P. and Harrison, R. H., Pressure, volume, temperature 
relations of propane, J. Chem. Eng. Data (in press). 

Thompson, Jr., R. T. and Miller, R. C., Densities and dielectric constants 
of LPG components and mixtures at cryogenic storage conditions, Advances 


in Cryogenic Engineering Vol 25, 698 (1980). 


Tickner, A. W. and Lossing, F. P., The measurement of low vapor pressures 
by means of a mass spectrometer, J. Phys. and Colloid Chen. Mos [ss 
(195V)ix 

Tomlinson, J. R., Liquid densities of ethane, propane, and ethane-propane 
mixtures, Technical Publication TP-1, Natural Gas Processors Assoc., 808 
Home Federal Bldg., Tulsa, Okla. 74103 (Feb 1971). 

Tsai, Cheng-Hsiung, Low temperature pnase equilibrium for systems 
containing a pure condensed phase, Thesis, Tennessee Technological Univ., 
College of Engineering, Cookeville, Tn. 38501 (Jun 1971). 

Van der Vet, A. P., (Dutch-Shell Labs., Amsterdam), Density, 
compressibility, expansion of light hydrocarbons and of light hydrocarbon 
blends, Congress Modial du Petrol. II, 515, Paris (1937). 

Van Poolen, L. J., Analysis of liquid volume and liquid mass fractions at 
coexistence for pure fluids, Nat. Bur. Stand. (U.S.) NBSIR 80-1631 (May, 
1980). 

Warowny, W., Wielopolski, P. and Stecki, J., Compressibility factors and 
virial coefficients for propane, propene and their mixtures by the Burnett 
method, Physica 91A, 73 (1978). 


24 


[103] 


[104] 


[105] 


[106] 


[107] 


[108] 


[109] 


[110] 


Yarbrough, D. W. and Tsai, C.-H., Vapor pressures and heats of 
vaporization for propane and propene from 50 K to the normal boiling 
point, Advances in Cryogenic Engineering Vol 23, 602 (1977). 

Yesavage, V. F., The measurement and prediction of the enthalpy of fluid 
mixtures under pressure, Ph.D. Dissertation, Dept. of Chemical and 
Metallurgical Engineering, Univ. of Michigan (Nov 1968). 

Yesavage, V. F., Katz, D. L. and Powers, J. &., Thermal properties of 
propane, J. Chem. Eng. Data 14 (2), 197 (Apr 1969). 

Young, S., On the boiling points of the normal paraffins at different 
pressures, Proc. Roy. Irish Acad. 38B (4), 65 (1928). 

Younglove, B. A., Velocity of sound in liquid propane, J. Res. Nat. Bur. 
stand. (U.S.) 86 (2), 165 (1981). 

Ziegler, W. T., The vapor pressures of some hydrocarbons in the liquid and 
solid state at low tempoeratures, Nat. Bur. Stand. (U.S.) Tech. Note No. 4 
(May 1959), PB 151363. 

muegiena We Ihe, Kinks. Be Sas MudlinssJ:1C. and Berquist, A. R.., 
Calculation of the vapor pressure and heats of vaporization and 
sublimation of liquids and solids below one atmosphere pressure. 

VII. Ethane, Tech. Report No. 2, Proj. A-764, Eng. Expt. Sta., Georgia 
Inst. Technology, Atlanta, Georgia (Dec 1964). 

Zwolinski, B. J., et al., Selected values of properties of hydrocarbons 
and related compounds, American Petroleum Institute Research Project 44, 
Thermodynamics Research Center, Texas A&M University, College Station, 
Texas 77843 (loose leaf data sheets, extant 1972). 


25 


Subscripts 
Subscripts 
SUDSC HIDEO 
Subs criity ae 
Subscript 0 
Subscript im 
Subscript Db 
Superscript 
expt refers 
calc refers 
(aP/aT), 
(aP/30)7 
(3@P/aT*) 
Q,B,Ysn 
a,b,c dsecd 


Cs 6Gp i @ Co) Oo} 29 
< -—. 
= 


and t 
and 2& 


refers 
refers 
refers 
refers 


refers 


APPENDIX A. 
refer to critical and liquid triple points. 


Symbols and Units 


refer to saturated vapor and liquid. 
to 
to reduced parameter. 
tO 
to 
to 


liquid-vapor coexistence (usually the liquid) . 


reference state property. 
melting line. 
normal boiling point. 


o refers to ideal gas state property. 


to experimental value. 


to calculated value. 


isochore derivative, MPa/K 


isotherm derivative, MPaem3/kg 


isochore curvature, MPa/K2 


nonlinear parameters in the equation of state 


coefficients defined in various equations 


Coe 


1 in saturated vapor density equation 


coefficients defined in various equations 


(T= 


BaF etle= g)!/2 in equation of state 


density-dependent coefficients in the equation of state 


second and third virial coefficients 


reduced second and third virial coefficients 


exponent in Simon equation 


molal heat capacity at constant volume, J/(mol*K) 


molal heat capacity at constant pressure, J/(mol*K) 


molal heat capacity for saturated liquid, J/(mol°K) 


Clausius-Mossotti function, cm? /mol 


the internal energy, J/mol 
21,888.910 J/mol (arbitrary) 
exponent in various equations 


dielectric constant 


fugacity/pressure ratio 


used 


in definition of 9(o) 


defined in saturated vapor density equation 


defined in the equation of state 


defined in the saturated vapor density equation 


enthalpy for ideal gas state at T = 0 
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APPENDIX A. (Continued) 


H(o,T) the enthalpy, J/mol 

J the joule, 1 Nem 

JT Joule-Thomson 

L the liter, 107? mf 

mol 44 .09721 grams of propane (cle = 12 scale) 

w(p,T) defined in the equation of state 

P pressure, MPa 

Pe melting pressure, MPa 

Pall) the vapor pressure, MPa 

Pato) BAIN (0) ls vapor pressure as a function of density 

I(T) PGP 

6(o,T) function in the equation of state 

¥(o,T) function in the equation of state 

Qvap AH yap? tne heat of vaporization, J/mol 

R(T) the gas constant, 8.3145 J/(mol°K), 0.0083145 MPa*L/(mol°K) 

R 0.0083145*o¢, MPa/K 

p density, kg/m 

Pp 0/Pe> density reduced at the critical point 

Prt p/O¢> density reduced at the triple point 

S(O, 1) the entropy, J/(mol*K) 

1 temperature, K 

To constant 

T,(9) liquid-vapor coexistence temperature, K 

9(0) defined locus of temperatures 

u(T) defined in various equations 

Vv 1/po, molar volume, m3/kg 

W(o,T) the velocity of sound, m/s 

x(T) T/Tc for the equation of state 

xT) variously defined for other equations 

X, (0) TAO) ee reduced temperature at coexistence for the equation 
of state 

y defined in various equations 

fl compressibility factor 


(1) The gas constant is increased slightly in value from earlier work in view 


of the recent report of Rowlinson and Tildesley [78]. 
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APPENDIX B. 
In the following table the mol 
mol. Wes = 44.09721- g/mol. Also,.1 


and | BTU + = ] BTU (International 


ee MON Convert AincOM a vied 


Pressure, MPa 


Volume, nm 


Density, kg/ine 


Molar energy, J/mol 


Molar entropy, J/(mol*K) 


Conversion of Units 


ecular weight of propane is given by 


calyy, = 
Table) = 


MPaem/kg 
bar*L/mol 
cal,,/mol 
BTUry/1b 


BTU, 7/(1b*°F) 
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1 cal (thermochemical) = 4.184 J 


MU epee: 


TORS 
9.86923 

10.1972 

145.933 

1000. 

35.3147 
0.001 
Lomo. awe.) 
0.062428 
0.001 /(monlienwite) 
0.01 
9.239006 
0.429923/(mol. wt.) 
0.238846/(mol. wt.) 


APPENDIX C. Fixed-Point Values for Propane 


Gratcea se ont 


P. = 4.24746 MPa 
Po = 220.5 kg/m (5.00 mol/L) 
ie) =" 369.85 K 


Normal Boiling Point 


P= 0.101325 MPa 
i= 231.068 K 
Py = 2.416 kg/m? (0.05478 mol/L) 


Pp = 581.04 kg/m Csi iGemony/ i) 


Ew 16895 x 1070 Mpa 

Time 85.47 K 

0484 x 1078 kg/m? (2.3775 x 107! mol/L) 
733.34 kg/m? (16.630 mol/L) 


1S) 
< 
iH} 
— 
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APPENDIX D. Propane Properties Reference Index 


Melting Line Date Pressure Range, MPa 
Reeves [74] 1964 200 - 1000 
Babb [1] 1970 75 - 1050 
Vapor Pressures Date Temperature Range, K 
Burrell [8] 1916 149 - 229 
Maass [63] 1921 230 - 250 
Dana [19] 1926 210% = 323 
Sage [81] 1934 294 - 369 
Beattie [3] 1935 323 - 348 
Kemp [53] 1938 166 - 231 
Deschner [22] 1940 302 - Te 
Gilliland [29] 1940 315 - 358 
Cherney [14] 1949 303) = 323 
Reamer [73] 1949 See lia 
Tickner [97] 1951 105 - 165 
Clegg [15] 1955 323) ie 
Helgeson [46] 1967 278 - 361 
Carruth [11,12] 1973 95 - 179 
Mousa [66] 1977 335 = lic 
Teichmann [94] 1978 325 - 363 
Kratzke [57] 1980 312 - 368 
Thomas £95] 1982 258) = te 
Thermal loops (This report) 1982 Ty = 230 
Saturated Liquid Densities Date Temperature Range, K 
Maass [63] 1921 195 - 249 © 
Dana [19] 1926 273 = 329 
Sage [81] 1934 294 - 369 
Van der Vet [100] = 1937 283 - 323 
Deschner [22] 1940 303 - Te 
Carney [10] 1942 228 - 333 
NGAA [67] 1942 227 = 333 
Reamer [73] 1949 313 = Te 
Clegg [15] 1955 323) = aie 
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APPENDIX D. (Continued) 


Saturated Liquid Densities Date Temperature Range, K 
Francis [28] 1957 293 
Seeman [85] 1963 2738 - 299 
Helgeson [46] 1967 278 - 361 
Klosek [56] 1968 89 - 133 
Shana'a [87] 1968 108 
Jensen [48] 1969 93 - 133 
Sliwinski [88] 1969 283 - 369 
Tomlinson [98] 1971 278 - 313 
Kahre [50] 1973 278 - 328 
Rodosevich [75] 1973 O15 
McClune [64] 1976 93 - 173 
Haynes [44] 1977 160 - 289 
EU? C25) 1978 166 - 288 
Orrin los 1978 87 - 244 
Thomas [95] 1982 258 - 369 
Saturated Vapor Densities Date Temperature Range, K 
Dana [19] 1926 290 - 323 
Sage [81] 1934 294 - 369 
Descnhner [22] 1940 303 - Te 
Reamer [73] 1949 31 Seale 
Clegg [15] 1955 323 he 
Helgeson [46] 1967 278 - 361 
Sliwinski [88] 1969 283 - 369 
Thomas [95] 1982 323 - 369 
Virial/vapor pressure equations (This 1982 90 - 330 
report) 
Virial Coefficients Date Temperature Range, K 
Sage [81] 1934 294 - 377 
Beattie [2] 1937 370 - 548 
Jessen [49] 1938 213 = 323 
Deschner [22] 1940 303 - 609 
Cherney [14] 1949 323 - 398 
Reamer [73] 1949 31 = 51 
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APPENDIX D. (Continued) 


Virial Coefficients Date Temperature Range, K 
Bottomley [5] 1950 295 
Kretscniner [58] 195] 303 
Gunn [39] 1958 311 =8510 
Dawson [21] 1960 243 - 348 
McGlashan [65] 1962 295 - 413 
Kapallo [52] 1963 244 - 321 
Brewer [6] 1967 248 - 298 
Strein [93] 1970 296 - 493 
Hahn [40] 1974 211 - 493 
warowny [102] 1978 373 - 423 
Thomas [95] 1982 323 - 623 
Compressibility Data Date Range of T, K Range of P, MPa 
Sage [81] 1934 294 - 378 O17 e207, 
Beattie [2] 1937 369 - 548 204 = B80 
Burgoyne [7] 1940 243 - 293 0.50 =F 60) 
Deschner [22] 1940 303 - 609 Owl gaye alas2 
Cherney [14] 1949 323 - 398 Pal s=) ase 0 
Reamer [73] 1949 Sita 5 11 O21 =) 56950 
Dawson [21] 1960 243 - 348 0.05 Ops 
Dittmar [23] 1962 273 - 413 1.0 += "035 
Kahre [51] 1964 233 =) 350 ORS 8) 8) 
Huang [47] 1966 13s ="273 7.0 Pesan 
Tomlinson [98 ] 1971 278 - 328 1.06. => 1328 
Ely £25] 1978 166 - 324 0.26 - 42.8 
Teichmann [94] 1978 3237 =)573 2.1/1 = 8609 
Warowny [102] 1978 373 - 423 OPC sm (4.55) 
Haynes [42] 1982 90 - 300 036) SSeS yrs5 
Thomas [95] 1982 258 - 623 0.6 - 40.0 
Virial equation (This 1982 270 - 600 Oe cdl al) 
report) 
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Specific Heats 
Dana [19] 
Sage [80] 
Beeck [4] 
Sage [82] 
Kemp [53] 


Kistiakowsky, Lacher [54] 
Kistiakowsky, Rice [55] 


Dailey [18] 
Rossini [76] 

API 44 [110] 

Cure ete Eval 
Yesavage [104,105] 
Eaamisie a ec 

Chao [13] 

Goodwin [34] 
Goodwin [34] 


Heats of Vaporization 
Dana [19] 


Kemp [53] 

Sage [79] 

Staveley [91] 
Helgeson [46] 
Yesavage [104,105] 
Carruth [11] 


Thermal loops (This report) 


APPENDIX D. 
Date 
1926 
1935 
1936 
1937 
1938 
1940 
1940 
1943 
1947 
1952 
1965 
1969 
1970 
1973 
1978 
1978 


Clapeyron equation (This report) 


Sound Velocities 
Lacam [60] 

Rao [72] 
Younglove [107] 


(Continued) 


CD a Gr Co as Ce an Co eee Cre Ge) es Co ee Ge) 
Woo USO CSC CoO OQ) Oo Wowo a 
aS I ee eo eS ee a ee Oe ee 
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Range of T, K 


242 - 292 
294 - 444 
273-573 
294 - 444 
90 - 230 
148 - 258 
272 = 369 
335 - 693 
339 - 422 
100 - 1000 
tee Os 
116 - 422 
293 - 353 
Spectroscogic 
86 - 360 
90 - 337 


Temperature Range, kK 


234 - 293 
231 

313 - 348 
185 - 213 
SM SE 
23 =) 367 
WW Zi 
1, - 230 
90 - 360 


Temperature Range, K 


298 - 498 
140 - 230 
90 - 300 


APPENDIX D. (Continued) 


Dielectric Constants Date Temperature Range, K 
Sliwinski [39] 1969 293 - 370 
Pan [69] 1975 9] - 115 
Thompson [96] 1980 228 - 230 
Luo [62] 198] 220 - 289 
Haynes [42,45] 1982 9) - 300 
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APPENDIX E. Computer Prograin 


PROGRAM PRTHRMB ( INPUT,OUTPUT) 
C REVISION OF PROPANE THERMOFUNCTIONS, RDG/NBS, START JAN. 26, 1981. 
COMMON GK,GKK, B1,B2,83,B4,B5, C1,C2,C3, E£1,£2,£3, ER, IX 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/ DNG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD 
COMMON/11/ DELS, DELCV 
COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
COMMON/21/ TPS(70) 
COMMON/95/ PIS, DIS, DPTIS, DPDIS 
COMMON/99/ TI,EZZ, EZ,SZ,CVZ, HZ,CPZ 
DIMENSION HZA(70), SZA({70), PP(99) 
DATA( WM=44 .09721) ,( PA=1.01325) , (GJ=8.3145) 
€ NOTE MOL. WT. HERE IS FOR PROPANE. 
1 FORMAT(I5, 2F10.0) 
2 FORMAT(I5, 3F10.0) 
3 FORMAT(3110) 
5 FORMAT(1X) 
9 FORMAT(8F10.0) 
14 FORMAT(1H1 13X * PROPANE ISOBAR AT P =* F10.6, 4H MPA / ) 
16 FORMAT( 9X1HT 8X3HDEN 9X3HDEN 8X1HZ 5X5HDP/DT 5X5HDP/DD 
2 8X1HE 8X1HH 8X1HS 6X2HCV 6X2HCP OX3HF/P S5SX1HW 4X5HDIEL. / 
3. 9X1HK 6X5HMOL/L 7X5HKG/M3 9X 5X5HMPA/K 1X9HMPA-M3/KG 
4 AX5HJ/MOL 4X5HJ/MOL 2X7HJ/MOL/K 1X7HJ/MOL/K 1X7HJ/MOL/K 
5 12X 1X5HM/SEC 4X5HCONST ) 
17 FORMAT(1X F9.3, E11.4, £12.5, F9.5, F10.6, F10.5, 
1 2F9.1, F9.3, 2F8.2, £12.5, 16, F9.5) 
20 FORMAT(1H116X*TEST IDEAL FNCTNS*/17X 3HT,K 7X3HHZA 7X3HSZA ) 
21 FORMAT(10X F10.2, F10.1, F10.3) 
80 CALL PVTDATA 
CALL PEEK $ CALL ISOTHRM 
COMPUTE THERMOFUNCTIONS ON ISOBARS. START ON THE MELTING LINE. 
NOTE, ISOBAR P=PCRT OK, BUT ISOTHERM T=TCRT IS EXCLUDED. 
ISOBARS AT P UNDER PCRT TRAVERSE THE DOME. 
NOTE USE OF QVAP ,DATA, TO CROSS THE ,DOME,. 
NOTE USE OF CSAT ,DATA, FOR SPECIFIC HEATS IN COMPRESSED LIQUID. 
NOTE TPS(IK) USED BY COMPRES. 
Gels RUGAGINIES.  F/Ps VIA HAS. HZ(T),SZ(1)% (0cFELY):. 
SAVE HZA(70), SZA(70) FROM 90 THRU 700 K. 
SomDOmcond=9.70  $ Tl = 1040 2S - CALL IDBAINS $ “HZA(J) = HZ 
86 SZA(J) = SZ 
Gi PRINT 208 aS D088) d=9470) Sh 1. = 10*0 
88 PRINT 21, T, HZA(J), SZA(J) 
SOrCAREeIMLOCUS =$ - CALL TABLIO 
SOMING=" 1S ONT = 575 $0 READ 92 (PP(1),1=0<NT) 
91 DO 300 I=IN,NI $ IK =I $ LS=0 
O25 PPP) eas a(t. £0n28)e-P) = PCRT 
93 PK = P/10 $ PRINT 14, PK $ PRINT 16 
100 T = FINDTMF(P) $ CALL COMPRLQ $ V=1/DEN $ IW=W 


GD (oa G2) CDG) GV GD C2 
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Oo 


101 Z = P/DEN/GKK/T $ DIE = DIELF(DEN,T,P) 
102 Tl =T $ CALL IDEAL $° GIB = H=EZZ-HZ = T*(S-SZ) 
103 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
104 PRINT 17, T,DEN,DIS.Z, DPTIS,DPDIS. EH. S-GVsCP. FOP AW DLE 
105 IT = 1/10 $ TRGP Ie PERT) bon 130 

CASES FOR P LESS THAN PCRT. 
110, TPS(IK) = stSc=oRINDTSE GPITS ee) eo 
111 )0 150° J=1,99 $0 = dS OCs) 
112 TEC T et. TS) Pest ly 
113 CALL COMPRES $ V = 1/DEN $ IW=W 
114 Z = P/DEN/GKK/T. $ DIE:= DIELR(DEN;1,P) 

M =JT/10 $ GIB = H=EZZ-HZA(M) -—“ TA(S=SZAM)0 

XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
115 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIE 
116 GO TO 150 
L/S = 4S FA $.  TR(UWS EO. talZ0 5130 

CASE FOR SATURATED LIQUID AND VAPOR. 
120 T= TS $ CALL COEXIST $ V=1/DEN $ VG=1/DNG $ IW=W $: 1WG=WG 
121 Z = P/DEN/GKK/T $ ZG = P/DNG/GKK/T 
122 DIEL = DIELF(DEN,T,P) $ DIEG = DIELF(DNG,T,P) 
123 Tl =T $ CALL IDEAL $ GIB = H-EZZ=HZ = 1*(S=SZ) 
124 FOP = EXP(GIB/GJ/T)*PA/P $ CALL CON 
125 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIEL 
126 PRINT 5 $ DIS=DNG*WM $ DPTIS=DPGDT/10 $ DPDIS = DPGDD/10/WM 
127 PRINT 17, T,DNG,DIS,ZG,DPTIS ,DPDIS,EG,HG,SG,CVG,CPG,FOP, IWG,DIEG 
128 f= Jn 

CASES FOR THE HOMOGENEOUS DOMAIN. 
130 IP(JI1-GF.500) 132182 
131 K =.KFl  $. T=. 0 Hei) 4+ 10AK eS AP (eG 700)- 3001082 
132 CALL GENIUS $ V=1/DEN $ IW=W $ Z = P/DEN/GKK/T 
133 IF(T.GT.450) 134,135 
134°DIE = 0 $ GO 10136 
135 DIE = DIELF(DEN,T,P) 
136 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
137 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
141 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIE 
150 CONTINUE 

FOR P.GE.PCRT, CASES FOR T.LT.OR.T.GT.TCRT. 
180: TRSUIK) = TERT S$) K = E 
121) DO 2250:=1599" 6 T=. dt 
1920 IF(T-LT<TCRT) 190,210 

CASE A FOR T LESS THAN TCRT. 
190 CALL COMPRES: $ ‘= 1/DEN: $Y IWr=;W 
191 Z = P/DEN/GKK/T $ DIE = DIELF(DEN,T,P) 
192 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
193 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
194 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIE 
195 GO TO 250 

CASE FOR T ABOVE TCRT, HOMOGENEOUS DOMAIN. 
210 IF(JT.GT.500) 211,220 
211 K =Ktl $ THs) = JT + 104K <$2 TET G00) ms00r 220 
220 CALL GENIUS $ V=1/DEN $ IW=W $ Z = P/DEN/GKK/T 
221 IF(T.GT.450) 222,223 
222 DIE =0 .$ GO" TO224 


0 
LOX (LT+9)) 
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Ce GE G2 


(Sz) (Se) Ge) GR) 


223 
224 
225 
226 
250 
300 
999 


OONANAAFPwWNMreF 


£5 
16 


17 
18 
19 
22 
23 
30 


DIE = DIELF(DEN,T,P) 

M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 

XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 

PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIE 
CONTINUE 

CONTINUE 

SOR S$ «END 


SUBROUTINE COEXIST 

GIVEN T AT COEXISTENCE, GET BOTH VAPOR AND LIQUID FUNCTIONS. 

FOR VAPOR, GET DNG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD, - 

BORS MOULD RGEle = DENSE SH ss, CV. CP CSANW. *DPDTSDPRDD): 

COEXIST CALLED BY COMPRLQ. P NOT USED, MUST NOT CHANGE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/DNG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD 
COMMON/11/ DELS, DELCY 
COMMON) 99/" TLS EZZ, EZ,SZSCVZ. HZ, CPZ 
DATA (Q=1.01325) , (G=0.083145) 

RORMAT THON OX *T, EXCEEDS TCRT IN COEXIST. * / ) 
rae Gils TORT) 3,4 
Peni 1 Se) eSiOP 


PS = PSATF(T) $ DNG = DB = DENGASF(T) 

ieee Se CALL IDEAI SS $M 15 $c DAy= LE =70 

BGe— seb? te EDEER(LMsNsDASDB) '$ SHG = EG + 100*PS/DB 
SG = SZ + DELS - 100*G*ALOG(G*T*DB/Q) 
Haire OmniGRn) Olt 

PX = PVTF(T,DB,1) $ DPGDT = DPDT $ DPGDD = DPDD 


C2G=—SCVGe=--WG = 0  $ GO 10 15 
CG TCVZ DELCO S$ PX = PVIF(T,DB.1) 
CPG = CVG + 100*T/DPDD*(DPDT/DB)**2 $ WG = SQRT(WK*CPG*DPDD/CVG) 
DPGDT = DPDT $ DPGDD = DPDD 
NOW TRAVERSE THE ,DOME, USING QVAP ,DATA,. 

DEN = DL = DENLIQF(T) $ DDLDT = DDSDT $ QV = QVAPXF(T) 
He aGe- OVeurGeS)=—SGe-OV/T $  E = H = 100*PS/DL 
THIS RETURN AT 16+ USED ONLY WHEN CALLING SSATFIT, HSATFIT. 
Ha(PsEQSIERT) 18519 

PX = PVTF(T,DL,1) $ CP=CV=CSAT=W=0 $ RETURN 

GSAT = SCSAMMA() ($i SPXe= PVT (CT, DE.1) 

CV = CSAT + 100*T*DPDT*DDLDT/DL/DL 

CP = CV + 100*T/DPDD*(DPDT/DL)**2 
W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


SUBROUTINE COMPRES 

SAVES COMPUTER TIME INTEGRATING COMPRLIQ AT T.LT.TCRT. 

FOR T = INTEGER MULTIPLES OF 10 K. FIRST ISOBAR USES COMPRLQ. 

FOR SUCCEEDING ISOBARS, START ON PREVIOUS ISOBAR, EXCEPT - 

AT TEMPS GE TPS(IK-1) ON PREVIOUS ISOBAR, MUST USE COMPRLQ. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
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COMMON/11/ DELS, DELCY 

COMMON/21/ TPS(70) 

DIMENSION DK(50) ,EK(50) ,SK(50) ,CK(50) 

FORMAT(1HO 9X *T G.E. TCRT IN: COMPRES=..*7 7%) 

TF(Y.GE=TCRY)* 334 

PRINT -SeeuSi0r 

==1/10° 7S, “IR (i= 10%0))* S56 

CALL COMPRLQ $ RETURN 

TPCT CEOCIN) £7 59 

CALL COMPRLQ 

DK(J)=DEN $ EK(J)=E $ SK(J)=S $ CK(J)=CV $ RETURN 
INTEGRATE FROM OLD DEN TO NEW DEN ON GIVEN ISOTHERM - 
EXCEPT IF 7 EXCEEDS: OLD TMAX, sUSEC COMBRIEQ: 

9 TEU) .GE.TPSUIK=1))" GO010;. 7 


CONN ON WPF 
Ca 


10 ree le $ DK(J) = DEN = DB = FINDENF(T,P) $ N= 13 
LIWEK (0) 27 ES" EK td) oe EDEL ECL SNe DAS ee $° CH= E+" 100s YDB 
12°SK(J) = S = SK(d)}) teDELS a CK(J) = = CK(J) + DELCV 


GET NEW Dp/0T, DP/DDs.CPRz 
15 PX = PVTF(T,DB,1) $ fee = a + 100*T/DPDD*(DPDT/DB)**2 
30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


SUBROUTINE COMPRLO 
GIVEN P,T FOR COMPR.LIQ. AT T.LT.TC, GET DEN AND FUNCTIONS. 
REVISED TO USE HSATF, SSATF, CSATXF, BUT NOT COEXIST. TIMESAVER. 
INTEGRATE ALONG ISOTHERM T FROM SATLIOQ UP TO POINT (P,T). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR, DTSDR,DYHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCV 
1 FORMAT(1HO 9X *T NOT UNDER TCRT IN COMPRLOQ.*/) 
2 “TE(T.GE.TCRT) 324 
3) PRINT Mssaar SHOP 
GET PSAT, DENLIQ, AND SATLIQ FUNCTIONS FOR START. 
4 PS.= PSATF(T) $ DL = DENELOR(E) “$ -DDEDi =sDpDSDi 
6 HS: = HSATE(P)a $7%ES = HS2= 100*PS/DE $1 SSi="SSATE GE) 
7 IF(T-GT.340) 8,9 
8 CVS = CVSATR(T)-. $~ GO 10.10 
9 PX=PVTF(T,DL,0) $ CVS = CSATXF(T) + 100*T*DPDT*DDLDT/DL/DL 
INTEGRATE UP TO POINT (P,T). 
10 Hee FINDENF(T,P) $ DX = DB - DL $s 1E(DX 5G.) 11-320 


11M = 14s SE =ES EDEL CIIM, 1 DLEDB) 
12 ' = E-+ 100*P/DB $ <S =-SS + DELS @=$™ CV Se CVS aaDEEGY 
13 PX = PVTF(T,DB,1) $ CP = CV + 100*T/DPDD*(DPDT/DB)**2 


14 W = SQRT(WK*CP*DPDD/CV) $ DEN = DB $ RETURN 

20 DEN=DL-$"E=ES*$ H=HS $ S=SS $°CV=CVS <$ “PX =cPWIF(T Dl. 1) 

21 CP = CV + 100*T/DPDD*(DPDT/DL)**2 $ W = SQRT(WK*CP*DPDD/CV) 
30 RETURN $ END 


SUBROUTINE CON 

CONVERT, TO’ ST UNITS; FOR: P, DEN, DP/DTs, DP/DD, 

COMMON/3/DPDT ,D2PDT2, DPSDT ,DPMDT ,DPDD,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
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COMMON/95/ PIS, DIS, DPTIS; DPDIS 

DATA (WM = 44.09721) 
1 PIS = P/10 $ DIS = DEN*WM 
2 DPTIS = DPDT/10 $ DPDIS = DPDD/10/WM 
eRETURN, | > | END 


FUNCTION CSATXF(T) 

PROPANE, J/MOL/K, RDG, NBS J. RES. 83(5), 449, (1978). 
COEFFS, ADJUSTED FOR NEW TCRT = 369.85. 
CS = A1*X/(1-X)**E + A2 + A3*X + A4*X2 + A5*X3. 

DIMENSION A(5) 

DATA (E£=0.7),(TCRT=369.85) 

DATA(A = 6.636737, 80.76732, 8.275839, -19.926887, 51.208621) 
FORMAT(1HO 9X *CSATXF, T.GT.TCRT. * / } 

IF(TCRT-T) 3,4,5 

PRN $ STOP 

CSMixe = 0 8S. SRETURN 

Kew ICRn 3S CSr=VA(L)SX/(I-X)A*E $100 6.K=2,5 

CS = CS + A(K)*X**(K-2) $ CSATXF = CS $ RETURN $ END 


HAOPwWNE 


FUNCTION CUBERT(X) 
CUBE ROOT MISSING FROM 6600 COMPUTER LIBRARY. 
eat 0/3.0  $  “TR(X)r253.54 


2 CUBERT = -ABS(X)**E $ RETURN 
SECUBERL ~ 0.0 9 $. “RETURN 
MCUBERT = X<*E  $ RETURN $ END 


FUNCTION DELTAF(T,D) 

GET (T*DP/DT - D*DP/DD) FOR THE J-T INVERSION CURVE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD .DPDR,DTSDR,DTHDR,DDSDT 
IF(T-TCRT) 2,4,4 
DL = DENLIQF(T) $ IF(D-DL) 3,3,4 
DELTAF = 1.0E+100 $ RETURN 
PS PYAR wei) 

DELTAF = ABS (T*DPDT-D*DPDD) $ RETURN $ END 


AP WwWMNMr 


FUNCTION DENGASF(T) 

PROPANE SAT.VAPOR DEN, MOL/L, (DCRT=5.00), RDG, FEB. 19, 1981. 
DESIGNED FOR ZSAT = 1 AT LOW DENSITIES, 5/29/77. 

USE ZSAT # PS/DS/GK/TS WITH VAPOR PRESSURES, AND ZCRT. 

(meet ACR) SP Ish) Xe X F/CRI AND: = 

FXO) = salepstmUECC( Ado ete ADA Xe eAS*K OL a 2) Y= (1X). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT,DPMDT ,DPDD,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT,ZFX, FRT,DFRTDT 
DIMENSION AV(4) 

DATA (GKK = 0.083145) 

DATA (EG=0.35) ,(NFG=4) 

DATA(AV = 5.43973368, -20.0297592, 23.8710761, -10.1051069) 
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FORMAT(1HO 9X *T EXCEEDS TC IN DENGASF. * / ) 

IF(TCRT-T) 3,4,5 

PRINT) de" S. -ShOP 

DENGASF = DCRT $ ZF 

ss =7C RI Se PE = 
=U PPR Gr Shaan = 


X= 1 $ “DDSDT ="1.0E+100— $ “RETURN 
PERT: S. (Pa=/PSATRGH) 
DP 


DPSDI/ PC SG s=) TERT 
: = T/TC $ X2=X*X $ U = 1-X $ UE=U**EG $ YE] = -EG*UE/U 
VeVi = 0 $ DO: 10 Kav NEG: Soils, ae RSNA 
ad ita “AV(K) ®XL S$. YI = V1 + AVIK AESKE/X 


CONTINUE $*. ZEX = Fo = 1s UES Seer Plt = Uies Vale UE ay 
LCALCG =*ZSAT =-Z =) bo +0 ZNSPI*E XZ 

DZSDT = DZDT = (PI*(F1-2*F/X)/TC + F*PIT)*ZN/X2 

DENGASF = P/T/Z/GKK 

DDSDT = (DPSDT - P/T - P*DZDT/Z)/T/Z/GKK $ RETURN $ END 


FUNCTION DENLIQF(T) 

PROPANE SAT.LIQUID DEN, MOL/L, (NCRT=5.00), RDG, FEB. 19, 1981. 

DEN = _DCRT, + YNL*(X +°(XE=X)*Y)) OY NIE FD PRP DERI. 

Yor AL 40A2*X + A3*X2 to AS*XKS. 
COMMON/3/DPDT,D2PDT2 .DPSDT ,DPMDT,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
DIMENSION AW(3) 

DATA (EL=0.35) ,(NFL=3) 

DATA (TTRP=85.47) ,( TCRT=369.85) ,(DCRT=5.00) ,( DTRP=16.63) 
DATA(AW = 0.764389673, 0.009457047, -0.115001817) 

FORMAT (THO: 9X *DENLIOQF = 0, T EXCEEDS CRT. * 0/4) 

IE CTERT=T 3 5455 

PRINT 2 = $= @Si0P 

DENLIQF = DCRT $ DDSDT = -1.0E+10 $ RETURN 
XN=TCRT-TTRP $ X=(TCRT-T)/XN $ X2 = X*X $ DXDT = -1.0/XN 
XE OS XAFS ELS USE Se SUL BAX EYE al 

YES SON'S DONO Kel NEE Sie = Kei Ste oN eek 
Y= YFOAWCK AX SY = V1 AW CK ALAXX 

CONTINUE $ YNL = DTRP - DCRT 

DENL TOF = “DCRT + YNILA(X + UxY) 

DDSDT =) YNES CL UY TU ¥) AD XDI nS CREMURNS Ge END 


FUNCTION DIELF(D,T,P) 
PROPANE CONSTS., RDG, MARCH 23, 1981, VIA HAYNES DATA. 
CM,RMSPCT = 0.048, E,RMSPCT = 0.018. 
CM = Al + A2*R + A3*R2 + A4*LN(1+B/X) + A5*PI. 
DIMENSION A(5) 

DATA (B=1.0) ,(DCRT=5.00) ,(TCRT=369.85) 

DATA(A = 15.562631, 0.38581410, -0.15099771, 
1 0.51074051, -0.0045141181) 

R= D/DCRT $ X = T/TCRT $ G = ALOG(1+B/X) $ PT = P/100 
CM = A(1) + A(2)*R + A(3)*R*R + A(4)*G + A(5)*PI 

Z = CM*D/1000 $ DIELF = (2*Z+1)/(1.0-Z) 

RETURN $ END 


FUNCTION EDELF(L,M,T,DA,DB) 
GET CHANGE OF E, S, CV WITH DENSITY ALONG ISOTHERMS. 
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GET EDELF, DELS, DELCV FROM DA TO DB ON ISOTHERM T. 

ROMBERG NUMERICAL INTEGRATION VIA - 

CARNAHAN/LUTHER/WILKES, APPLIED NUMERICAL METHODS, P. 90, 

JOHN WILEY AND SONS, INC., N.Y., 1969. 

NOTE, VALUE OF LD CONTROLS CONVERGENCE LIMITS. 

NOTE, NMAX = M, NK = FINAL, TOTAL SUBDIVISIONS OF INTERVAL DX. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR ,DDSDT 
COMMON/11/ DELS, DELCV 
COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRIDT 
DIMENSION E(20), S(20), C(20) 

DATA (LD=2) ,(DI=0.00001) ,(G=0.083145) 
1 FORMAT(1HOOX*EDELF L =*12,5H, N =13,5H, T = F8.3,6H, DA =E10.4, 

1 6H, DB =E10.4, 6H, LD =12// 

2 10X IHN 7X5HEDELF 8X4HDELS 7X5HDELCV ) 

2 FORMAT(1HO 9X 6HEDIF =F10.3, 8H, SDIF =F10.5, 9H, CVDIF =F10.3) 
SeRORMAM(GX 15, F123, Fl2.5, Fl2.3) 
4 FORMAT(1HO 9X *EDELF NG AT TCRT FOR CV AT DEN NEAR OR GT C.P.*/) 

FOR DA=0 AND DB.LE.DI, IDEAL GAS, EDELF=DELS=DELCV=0. 

FOR DA=0 AND DB.GT.DI, START ROMBERG WITH DA = DI, - 

TO AVOID INFINITIES IN ORDINATE FUNCTIONS AT DA = O. 

Sawa veo OMa=) DERT/2:.$.DZ = 0.98*DERT 
9 ZK = 1.0 - 1/ZCRT $ RK = 100*G*TCRI/DCRT 
OM MECISEO.0) 11,14 
GRECO BLED) 12,13 
ieeDEER= DELS = DEECVY-= 0 9©$. RETURN 
13 DA = DI 
GET FIRST TRAPEZOID AREA, E(1) ETC., FROM DA TO DB. 


14 DX = DB - DA §$ P = PVTF(T,DA,O) $ IF(DA.LT.DM) 16,17 
16 EA = RK*(ZK*ZSAT*ZFX + FRT - T*DFRTDT) $ GO TO 18 
17 EA = 100*(P-T*DPDT)/DA/DA 

Sma (PIEO!.0))) 19),20 

19 SA = -RK*DFRIDT $ GO TO 21 

20 SA = -100*DPDT/DA/DA 

21 CA = -100*T*D2PDT2/DA/DA 

Zoe PVCs DBO) $ TFCDB.LT.DM) 23,24 

ZomeBe= RKX(ZK*ZSATAZEX + FRI - T*DFRIDT) $ GO TO :25 
24 EB = 100*(P-T*DPDT ) /DB/DB 

AM aEO.O)) 26 527 

26 SB = -RK*DFRIDT $ GO TO 28 

27 SB = -100*DPDT/DB/DB 

28 CB = -100*T*D2PDT2/DB/DB 


29 E(1)=(EAtEB)*DX/2 $ S(1)=(SA+SB)*DX/2 $ C(1)=(CA+CB)*DX/2 
INTERVAL HALVING, GET E(N+1), ETC. 
= AN ae) a 
SOM = 2e5N el S$ SDXN = DX/2*4N +$° E(K) = S(K) =C(K) = 0 
33 DO 45 J=1,JM,2 $ NK = NK+l $ ODN = DA + J*DXN 
So =—PVIF(T SON. O) + $: TECONLT.DM) 35,36 


Soy eBe= RKA(ZKAZSAT*ZEX + ERT = T*DERIDT). $ GO 10°37 
36 EB = 100*(P-T*DPDT)/DN/DN 

SiMe (ene 0)) 9 385,39 

389SB = -RKXDERTDT $ GO 10 40 

39 SB = -100*DPDT/DN/DN 

40 CB = -100*T*D2PDT2/DN/DN 
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e+ SBUrS OC (Kk eee) = eB 
E(K)*DXN 
C(K) = C(N)/2 + C(K)*DXN 


E(K) =9E(K) + EBre So" S(O) rn S(K 
CONTINUE“) $ > vE (CK) = cEGhi/ 2 4 
S(K) = S(N)/2 + S(K)*DXN  $ 


TEST FOR CONVERGENCE. 
ED=ABS(E(K)-E(N)) $ SD=ABS(S(K)-S(N)) $ CD=ABS(C(K)-C(N)) 
IF(ED.LT.0.4/LD) 54,60 
IF(SD.LT.0.002/LD) 55,60 
IF(T.EQ.TCRT.AND.DB.GT.9Z) GO TO 57 
IF(CD.LT.0.04/LD) 57,60 
EDEEF = E(K)""$ “DELS =4S(K) iS DERE 
CONTINUE $ N= M $$) NM ‘= N21-7$ NP 
PRINT Dc Ne os “DAReDBs “ED 
PRINT 3, NM E(N NM) ,S(NM) ,C(NM) $ PRINT 3, NJE(N),S(N),C(N) 
PRINT 3, NP,E(NP),S(NP),C(NP) $ PRINT 2, ED, SD, CD 
STOP. $ END 


C(K) $ RETURN 
N+] 


FUNCTION FINDENF(T,P) 

ON ISOTHERM T, FIND DEN, MOL/L, TO MINIMIZE (P-PC) VIA EQNSTATE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,NTSDR,DTHDR ,DDSDT 
DATA (GKK = 0.083145) 
FORMAT(1HO 9X *FINDENF 
FORMAT(1HO 9X *FINDENF 
FORMAT(1HO 9X *FINDENF 

= 1.05*DTRP 
IE (P.GT.0) 135 
IF(T-TCRT) 2,5,8 
DG=DENGASF(T) $ DL=DENLIQF(T) $ PS=PSATF(T) $ IF(P-PS) 3,32,4 
D=DG/2 $ GOTO 11 
D = (DL+DTRP)/2 $ GO TO 11 

DE=DGERT 7S PS=PCRT SPU P2PS) 6.3327 

DERT/20.$° “GOs 10) at 

Z2*DERT <$.*GO: 10) Ul 
.LT.450.0) 9,10 
PY TEC TSDERT. 0)? $7 1F (P=PG) "6,337 

D = DCRT 

DO 30 J=1,50 $ DP=P-PVTF(T,D,1) $ IF(ABS (DP/P)-1.0E-7) 31 .3et2 
TF(DPDD.GT <0) +13, 34 

DD = DP/DPDD $ IF(ABS (DD/D)-1.0E-7) 31,31,14 

=D + (DD) <$™ TE (DEGE-0.0) 71615 

="P/GKKY/ Ts $260 10) 30 
F(D.GT.DM) 17,18 

= DM $ GO TO 30 
(T-TCRT) 19,;24,30 
(PAuT PS) 2022 
(D.GT.DG) 21 730 
F ( 
( 
( 


0, FAILS TO CONVERGE. * / ) 
DCRT, DP/DR ZERO OR NEG. * / ) 
0, DOUBLE-VALUED AT P = PSAT. * / ) 


Canes Ld | Je se aL 


Wo 


D 
D 
IF 
D 
IF 
ne 
IF 
De=) DGuess 2G0 To 30 

LE (DeET sD) 23.30 

Diaries $1760 TO 30 

TE (P EL PCRI)G 25.27 
TF(DEDDGRT),. 30.526 

Dv="DCRT = 0202 $2 G0 210730 
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IF(D.GT.DCRT) 30,28 

Da NCRIn te O02 

CONTINUE SS ePRINT 41 $ STOP 

RINDENRO =D iS ARE TURN 

PRINT 43 $ STOP 

FINDENF = DCRT $ RETURN 

FINDENF = DCRT $ PRINT 42 $ RETURN 
FINDENF=DPDT=D2PDT2=0 $ DPDD=GKK*T $ DPDR=DPDD*DTRP 
ReNURNY | S$ 9 END 


FUNCTION FINDTMF(P) 

GIVEN P ON THE MELTING LINE, FIND T FOR PROPANE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
DATA (A=7180.0) ,(E=1.283) 

X = (P-PTRP)/A + 1 $ FINDTMF = TTRP*X**(1.0/E) $ RETURN $ END 


FUNCTION FINDTSF(P) 

GIVEN VAPOR PRESSURE P, ITERATE T TO MINIMIZE (P-PC). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
FORMAT(1HO 9X *FINDTSF = 0, FAILS TO CONVERGE. * / ) 
RORMAN(THO 9X “FINDS = 0; P EXCEEDS PCRT. * / ) 

IF(P-PCRT) 4,11,12 

m= 300 $ DO 9 J=1,50 $ DP = P = PSATF(T) $ ADP = ABS (DP) 
IF(ADP/P-1.0E-7) 10,6,6 

IF(ADP/DPSDT/T-1.0E-7) 10,7,7 

ieee De/DPSDI’ S$ DEC IaKCRT) 9591.8 

eS VOM 

GONTENUE S$) PRINT L$ STOP 

mUNDISE =). $)- RETURN 

FINDTSF = TCRT $ RETURN 

Bae cose SOP 3S) END 


SUBROUTINE GENEOUS 

GIVEN P,T FOR THE HOMOGENEOUS DOMAIN - 
GET DEN AND FUNCTIONS AT ANY TEMPERATURE. 

COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR, DDSDT 
COMMON/(S/ Ss INRIK PT ,DEN, BSH, S> CV,CPSCSAT, W.WK 

COMMON/11/ DELS, DELCV 

COMMONS S/S Bae SCN. HZ CPZ 

DATA (Q=1.01325) ,(G=0.083145) 


ie omCALL IDEAL $ )R(P.Gns0)) 4.10 

DENe = 0Be= RINDENR( TP) S$ M= 15 $ DA = 1 = 0 

E = EZZ + EZ + EDELF(L,M,T,DA,DB) $ H = E + 100*P/DB 

S = SZ + DELS - 100*G*ALOG(G*T*DB/Q) 

GV = €VZ + DELGV $ PX = PVTE(T,DB,1) 

CP = CV + 100*T/DPDD*(DPDT/DB)**2 

W = SQRT(WK*CP*DPDD/CV) $ RETURN 

DEN=S=O) S$) ="EZZ +1EZ $ H = E+ 100*G*T $ (CV=CVZ $ CP=CPZ 
W = SQRT(WK*CP*G*T/CV) $ RETURN $ END 
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SUBROUTINE GENTUS 
VALID ONLY FOR THE HOMOGENEOUS DOMAIN. 
SAVES COMPUTER TIME WHEN TABULATING FUNCTIONS ALONG ISOBARS. 
SAVES DEN,E,S,CV ALONG ISOBARS FOR USE IN INTEGRATING TO NEXT 
HIGHER ISOBAR. VALID ONLY FOR MONOTONICALLY INCREASING ISOBAR 
PRESSURES, AND AT TEMPS. T = INTEGER MULTIPLES OF 10 K. 
COMMON/3/DPDT ,D2PDT2 ,OPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR , DDSDT 
COMMON/8/ IN, IK; PoT,DEN. E.He Ss CV> CPS CSAT, W,WK 

COMMON/11/ DELS, DELCV 

DIMENSION DK(70) ,EK(70) ,SX(70) ,CK(70) 

FORMAT(1HO 9X *GENIUS T NOT INTEGRAL. * / ) 

Jw= 1/10. $.. TE(hs= st0td 2.4 

CALL GENEOUS $ RETURN 

TRCIK EQ. IN) 5,9 

CALL GENEOUS 

DK(J) = DEN $ EK(J) =E $ SK(J) = S- $ CK(J)=CV $ RETURN 
INTEGRATE FROM OLD DEN UP TO NEW DEN ON GIVEN ISOTHERM. 

9 DA = DK(J) $ ODK(J) = DEN = DB = FINDENF(T,P) $ N= 14 

11 EK(J) = E = EX(d) +.EDELF(1,N,T,DA,DB)9$._H) =-E)4+..1004P/ 08 
13 SK(J); = S = SK(d) +) DELS $- CK(d)o=CVe ="CK()- +. DELCY, 

NOW GET NEW DP/DT, DP/DD, CP, W. 
15. PX = PVIF(T,DB,1) ~$ CP,= CV + 100*T/DPDD*(DPD1/DB )**2 
30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


DAP WMWwre 


FUNCTION HSATF(T) 
PROPANE SATLIQ ENTHALPY, J/MOL. 

DEFINE YH # (H-HC)/(HT-HC), xX # (1C-T)/(TC-TT),- WHEN - 

YHu=oX + (XE=X)*( ALU A2*% FOAZKK2 66 
DIMENSION AH(7) 

DATA (NFH=7) ,(EH=0.37) ,( TTRP=85.47) ,( TCRT=369.85) 
DATA (HTRP = 0.001),(HCRT = 33082.187) 
DATA( AH = 0.2998573044, 0.3868586865, -0.6240978276, 

1 1.036003301, -0.9494397054, 0.1462986734, 0.1113755135) 
FORMAT(1HO 9X 3HT =F10.5, * IN HSATF(T).*/) 
[ECT Gi orCR e324 
PRINT 1, T $ STOP 
=e (ICRT=1)//(TERT= THRE) Se MEO MER Oe SHG 
HSATF = HCRT $ RETURN 
Vo = X*®*EH = Xe $ “RNG Xo $a eD0n/K=1.NEH 
FX = FX + V*AH(K)*X**(K-1) 

HSATF = HCRT - (HCRT-HTRP)*FX $ RETURN $ END 


CONDO P WPF 


SUBROUTINE IDEAL 

PROPANE IDEAL GAS (1 ATM) THERMOFUNCTIONS VIA CHAO (1973). 
(HZ-HZZ)/RT = 4.0 + (A + B/Q + C/Q2 + D/X)*EXP(-E/X), WHERE - 
x. # 1/100), 4.0) 4 CUBERTOG). 

COMMON/99/ TI, EZZ, EZ,SZ,CVZ, HZ,CPZ 

DIMENSION A(6) 

DATA (E=3.0),(R=8.31434) ,(S1=32.552) 

DATA(A = 24.11012, 94.40550, -585.32814, 

1 980.124065, -678.64094, 170.42778) 
1 X=TI/100 $ Q=CUBERT(X) $ DQDX=0/3/X $ XP=EXP(-E/X) 
2-H = 4.20) $- SUM =VSM = Oh SOO Rate G 
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Sede AK eoNpOrm (TK i$ L = 4-K $ QL = Q**L 
4 SUM = SUM + A(K)*QL $ SM1 = SM1 + A(K)*L*QL*DQDX/Q 
i Be aon $§ CP = 4.0 + (E*SUM/X/X + SM1)*XP 


$(300) + INTEGRAL(CP/X)*DX FROM T=300 UP TO TI. 
10 nas ABS Gil=300) /40+. 47S, DX = (X-3)/N $° S = SI 
mo Om20 J=1N 9 $ X= 93.0 + (J= 0. 5)*DX $ Q = CUBERT(X) 
14 DQDX = Q/3/X $ XP = EXP(-E/X) $ SUM = SM1 = 0 
SRDOMLIPK= 16 $01 = 4 - K § QL = Q**L 
16 SUM = SUM + A(K)*QL SM1 = SM1 + A(K)*L*QL*DQDX/Q 
19 CONTINUE $ CPX + (E*SUM/X/X + SM1)*XP 
AORSea St CPX*DX/X 

CONVERT TO DIMENSIONED RESULTS, JOULES,MOLES,KELVINS. 
Cee Pe REICP Sa SZ = RXS « $ HZ = R*TIAH 
PemOVieeCP Za R $y EZ = WZ = RATT $ RETURN .$»% END 


ie) 
om 
Ou 


SUBROUTINE ISOTHRM 
PRINTOUT THE CRITICAL ISOTHERM. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,OTRP,TTRP,PTRP 
COMMON/3/DPDT, h2PDT2, DPSDT, DPMDT ,DPDD,DPDR,DTSDR, DTHDR, DDSDT 
COMMON/4/XB1 ,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 
DATA (WM = 44.09721) 
1 FORMAT(1H1 14X *THE CRITICAL ISOTHERM, PROPANE* // 
IOXGRMCK: =i 7e2 2H. DCSKG/M3 = FO. 4, 10H, PC,MPA = F10.7/ 6X 
2 SAT THE C.P., DPS/DT =*F9.6, 9H, DP/DT =F9.6, * MPA/K.* // 
3 6X4HD/DC 9X5HTS/TC 9X5HPS/PC 1OX4HP/PC 9X5HDP/DR 4X6HDTS/DR 
4 4X6HDTH/DR 4X6HDPS/DR 4X6HDXB/DR 4X6HDXC/DR ) 
BORMAI2X"5S35 3F14.10, Fl4.9, 5F10.5) 
PC = PVTF(TCRT,DCRT,O) $ PCS = PCRT/10 $ DCS = DCRT*WM 
DESI EDPSDT/10  $) DPT = DPDT/10 
PRONE yeniGRt, DCS, sPES, DPST, DPI. $:°DO-8 J=1541 
DRe= 0.895 + 0.005*J $ DN = DR*DCRT 
PR = PVTF(TCRT,DN,1)/PCRT $ DPSDR = DPSDT*DTSDR 
SHE ISAT/TCRT 6S » PSN =" PSAT/PCRT 
DPDR = DPDR/10 $ DPSDR = DPSDR/10 
PRINT 2, DR, TSN,PSN, PR,DPDR, DTSDR,DTHDR,DPSDR, DXBDR,DXEDR 
RETURN $ END 


WM 


NH OS 


WO © 


SUBROUTINE JTLOCUS 

THE JOULE-THOMSON P-V-T LOCUS FOR PROPANE. 

DERIVE THE J-T INVERSION CURVE. USE ROUTINE DELTAF(T,DI). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
DIMENSION DK(60) ,DN(60) ,TT(60) ,PP(60) 

DATA (A=2.77755) ,(B=0.60625) ,(TZ=500.0) ,( WM=44 .09721) 
1 FORMAT(1H1 16X *THE JOULE-THOMSON INVERSION LOCUS FOR PROPANE* // 

2 17X 3HT,K 8X2HDI 5X5HKG/M3 5X5HP,MPA 

3 7X 3HT,K 8X2HDI 5X5HKG/M3 5X5HP,MPA ) 

ZRORMAT LOX TO eer TO Bl0.ge, 0 PLOY 2AlO 414 F103) 

SAVE INITIAL, TRIAL DENSITY, DK(I) = 

S WA S 20 7 SS NPV ey 
ORIN ees ADO 25 fs TNE eS) OXe= 058 
eae Os te Sin = i /TZo°$ DK CT) = = EXP(A-B*U) 


C2) Gan? 


10: TE Gh=1CR) Ll kat 

11 Dios DENLIQE(T) (So iEtDICE TS DR 23. te 

12°SS°= DELVAF (a DI)5°.$ DO 20 11-1). a4 

14 D=DI-DX $ SL=DELTAF(T,D) $ D=DI+DX $ SP=DELTAF(T,D) 
15 TECSS=SE 18, 16516 

16. EECSP=SL) 19517517 

17 SSo=<SL- 3 $2 DI =D = DXFSS)2G0M10.20 

18. TFGSS=SP)) 2020219 

U9 SSPsSP™ SDT eS DE ERDX 

20’ DX = DX/2 -$ TT(1) = T S$ oONC1) =.Oles S*oPP Cie = PVIR (ie Dr. OD 
21 GO’10:.25 

23 THT) = TS: OKT) S=sONGE) eoePe Ci) S20 

25 CONTINUE $ N = NP/2 

26, DOR Sb Jal ONG Sake aad: Sean 

27 Tho Tied. LEN = An) 


28 DKJ = WM*DK(J) $ DNJ = WM*DN(J) 
29 DKK = WM*DK(K) $ DNK = WM*DN(K) 
30 PPJ = PP(J)/10 $ PPK = PP(K)/10 
35 PRINT 2, IT, DKJ,DNU, PPJ, ITT,DKK,DNK,PPK 


40 RETURN $ END 


SUBROUTINE PEEK 
EXAMINE BEHAVIOR OF THE PVT COEFFICIENTS. 
BCS). # BL + B2*S2, oBCS):# -E1e(S-1)*(S-ER)AEXe(-GAtS* aha) 
WHERE, R # DEN/DTRP, S # DEN/DCRT. 
COMMON GK.GKK>" Bi.B25B35B4,B5, Cl,¢25 63. °El, E2563. SERRIX 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRI,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
DATA (WM = 44.09721) ,(EX = 1.10) 
4 FORMAT(1H1 14X *EQUATION OF STATE COEFFS., PROPANE * // 
15X. GHIUTRP: =F7 3, Sis, IBLE. F945 Oh GRIF). oie ney, 
15X 6HPTRP:=E12.6, 8H; PBLP =F8.65.8He PCRI'=F9.6; * MPASE/ 
15X 6HDTRP =E11-5, 8H, DLBP =El1.5.5 85 DERT =ELl 25, SmKkG/Neee) 
15x: GHDGAT-=E11.5,. SH. DGBP -ElIe 5 os 8KG/Money, 
15X *DPS/DIB,MPA/K =* Ell.5GH*5 OVAPBKd/MOLS=* B7<3/7 
(5X 4HIX. =12, OH. EX. =F5.2, 6H, ER =F5.2, *, So7 DENADERT Ay, 
15x, 4HAL =Fi0.7 , 6H, BE.=F10.75 6H, GA —F10.7/ 
15x: 4HDE, =FEO.7., (6H), EP. =BLOa7,, (Ol WEL O77, 
15X 4HB1 =F14.11, 6H, B2 =F14.11, 6H, B3 =F14.11/ 
15X 4HC1 =Fl4.11 56H, C2 Flas sGH a G3 e=Bi4 ae) 
FORMAT(15X 4HD/DC 6X4HTSAT 5X5HTHETA 4X6HPS,MPA 9X1HB 9X1HC ) 
FORMAT(9X FLOS2 5° 2F10:3, FLO.4, 261025) 
TB=FINDTSF (1.01325) $ DGB=DENGASF(TB) $ DLB=DENLIQF(TB) 
QB = TB*DPSDT*(1/DGB = 1/DLB)/10).0 
PTR = PTRP/VO° $ PBLP?="0.5101325.$° PER =. PCRI/10 
DTR = DTRP*WM $ ODLBI = DLB*WM $ DCR = DCRT*WM 
NDGA = DGAT*WM $ DGBI = DGB*WM $ DPSB = DPSDT/10 
10 PRINT 4, TTRP,TB,TCRT,PTR,PBLP,PCR,DTR,DLBI ,DCR,DGA,DGBI ,DPSB,QB, 
1 IX,EX ER, -AL,BE,GA,DE5EP JET. Bl. B2.Bos bl JeesEs 
Td PRINT <5. $.. N =SOA*DIRE7DERT + ob 
12-00 720..JSRSN Sale Sua) 
13 “DN = "S*DCRI  $  SZ=SES ax eSNES=1 1S SNe eS TeX 


COM AMP WWWPH Fr 


OOD Ua 
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SR S$ TRCER GT 0): SR’ = S=ER 

HO MBe=eBie ity B2xS2 

Wein (elrE2* S)* SNXSR*EXP(—GA*SX) 

19 TSAT=TS=TSATF(DN) $ TH=THETAF(DN) $ PS=PSATF(TS) $ PIS=PS/10 
ZOMERUNIOM Sp elSsiiiselS. BEd: ) RENURN $ -END 


FUNCTION PMELTF(T) 

PROPANE MELTING LINE, BAR, VIA REEVES, SCOTT, AND BABB(JR), 

J. CHEM. PHYS. 40(12), 3662 (1964). 

COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 

COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR ,DDSDT 

DATA (A = 7180.0) ,(E = 1.283) 

em mURPE S$ XE = OX**E 9S PMELTE = PTRP + A*(XE-1) 
2 DPMDT = A*E*XE/X/TTRP $ RETURN $ END 


FUNCTION PSATF(T) 

PROPANE VAPOR PRESSURE, RAR, RDG, FEB. 19, 1981. (DCRT=5.00). 
LN(P) = P1/X + P2 + P3*X + PA*X2 + P5*X3 + P6*(1-X)**EPP. 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
DIMENSION PJ(6) 

DATA (EPP = 1.35) 

DATA (TTRP=85 .47) , (TCRT=369.85) ,(DCRT=5.00) , (9TRP=16.63) 
DATA(PJ = -8.722780250, 19.203078280, -15.610638913, 

1 12.685790059, -3.806542924, 1.883214505) 

FORMAT(1HO 9X *T ABOVE TCRT IN PSATF(T). * / ) 

emi GRin GS NN =a Or Xx) $ SIP(V) 71589 

PRON S$ STOP 

Janel 90 -$) GO! TO 10 

(a= NEXEPP S71 = =EPP*Z/V 
10 PL = PJ(6)*Z $ PL1 = PJ(6)*Z1 

DOM MK=I 5001S ) b= K=2 > $ XL = X*AL 

(2eP ie P+ PI(K)*XE $ PLL = PL1 + PJ(K)*L*XL/X 
13 CONTINUE $ PSATF = EXP(PL) 
15 DPSDT = PLI*PSATF/TCRT $ RETURN $ END 


O ON Pre 


SUBROUTINE PVTDATA 
PROPANE EOS CONSTANTS, RDG/NBS, FEB. 19, 1981. (DCRT=5.00). 
COMMONEGKGKGS Bil BZ.5BS..B4.bov) ChiC2 503. El, EZ,E3., ER, IX 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/12/ZCRT,ZCALC NZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
COMMON SSE OZ 5 EZ SZ CVZ, 1HzZ CPZ 
10 WM = 44-°09721 $ TIRP = 85.47 $ TCRT = 369.85 
ABD CR yor OOO SS DIRE: = 16.630 
13 PTRP = PSATF(TTRP) $ PCRT = PSATF(TCRT) 
20 GKK = 0.083145 $ GK = GKK*DCRT $ ZCRT = PCRT/DCRT/GKK/TCRT 


Xe eC Al —l Oreo: BE = 0.7 teoh GA; = "0.15 $° DE =*0 
ZEEE ROM SER = ec20) S$ EI = 1.1 
23 Bl = 0.45650524198 $ B2 = 0.15822653715 


24 El =-0.24904576736 $ B3=B4=E2=E3=0 
25 DGAT = DENGASF(TTRP) $ WK = 100000/WM $ EZZ = 21888.910 
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99 RETURN $ END 


fa 
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FUNCTION PVTF(T,D,M) 
PROPANE EQNSTATE, PVTF = P,BAR. SIMPLIFIED, FEB. 12, 1981. 
NOTE, M=O RETURNS DP/DT, D2P/DT2. M=1 RETURNS ALSO DP/DD. 
P-PSAT = S*GK*(T-TSAT) + S*S*GK*TCRT*F(S,T), WHERE - 
F(S,T) # B(S)*XBF(S,T) + E(S)*XEF(S,T), AND - 

B(S) # Bl + B2*xS2, E(S) # E1*(S-1)*(S-ER)*EXP(-GA*S**I1X). 
WHERE, R# DEN/DTRP, S # DEN/DCRT. 

COMMON GK,GKK, B1,B2,83,B4,B5, C1,C2,C3, £1,E2,£3, ER,IX 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSORDTHDR ,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 

COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT,ZFX, FRT,DFRTOT 

S = D/DERT S$. S2=S*S’ "S$ “SN=S=1 oS SR=S@bRe etal SK Gaza 

GK = DCRT*GKK OS TC: =. TCRT-2S. DSDR = DURE DERT 

RG = S*GK $  GKT = GKATC 

TSAT=TS=TSATF(D) $ PSAT=PS=PSATF(TS) $ THETA=THETAF(D) 
XB = XBEGTED)) Si) XEo =) KERGh Dt) 

B = B1*S2 + B2*S2*S2 

XP. =EXP(-GA*SX)  “$..SM = S25SN*SR SE Sut S hee 

F = BXXB + EXXE $ Fl = B*XBL + EXXEL $ F2 = B*XB2 + E*XE2 


PVIF = PS + RG*(T-1S)+-GKI*F  $ FRI=R/S2°1$  (DERTDISRL/S2 7c 
DPDT = RG +-GK*Fl $.. D2PDT2\= GK*FZ/1C 23) oT RUM) 15530 

BD =. (2*B1. +, 4*B2*S2)*S*DSOR 

XP1 = -1X*GA*SX/S. $ /SML = (SNESR)*S2 4 22S*SNSSR 

ED 1*(SM*XP1 + SM1)*XP*DSDR 


DPDR = (DPSDT-RG)*DTSDR + (T-TS)*GK*DSDR + GKT*F1 


= E 
Fl= BADXBDR +. BDSXB ouct!) Ee SDXEDR: + EDAKE 
DPDD = DPDR/DTRP 


30 RETURN $ END 


— 


OAD OIPWNH 


FUNCTION QVAPXF(T) 

PROPANE QVAP, J/MOL, RDG/NBS, FEB. 20, 1981. 

QVAP’ = AL*X (te (XE=X)*(A2 EV ASEX OAS EK? i 

Kot AVC Te)i/ (CHIN ee yh NES ae PE 

DIMENSION AQ(4) 

DATA (NFQ=4) ,(EQ=0.38) ,(TTRP=85 .47) ,( TCRT=369.85) 
DATA(AQ = 24.840848, 24.166535, 6.252384, -12.156857) 
FORMAT(1HO 9X *T EXCEEDS TCRT IN QVAPXF(T). * / ) 
IF(TGRT-T) 3,4,5 
PENT oui Diy Sule 
QVAPXF = 0 $ RETURN 
XN = TERT’ = TTRP $ X = (TERT=1)/XN $<" XE = Axo 
P= .0)),$) 007 K=25NR0 
Fo= Ft AQ(K)AXAA(K-2)) 08) Op AQ) aX) te (XE) 
QVAPXF = Q*1000 $- RETURN $ END 


SUBROUTINE SIMPLE 
FOR ANY GIVEN T,K AND P,MPA, CONVERT TO P,BAR, AND USE SUBROUTINE 
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THERMO (OR ENTRIES THEREIN) TO GET THERMOPHYSICAL PROPERTIES. 
THEN CONVERT TO MPA, AND KG/M3 IN PRESENT ROUTINE. 
COMMON/3/DPDT,D2PDT2,DPSDT,DPMDT, DPDD,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/99/ TI,EZZ, EZ,SZ,CVZ, HZ,CPZ 
DATA (R=0.083145) ,(GJ=8.3145) , (PA=1.01325) , (WM=44 .09721) 
14 FORMAT(1H1 18X *TEST OF THERMO AT P,MPA =* F8.5/ 
1 19X *DENSITIES KG/M3, HEATS J/MOL. * / ) 
16 FORMAT(6X4HPMPA OX1HT 6X3HDEN 8X1HZ 5X5HDP/DT 5X5HDP/DD 
1 8X1HE 8X1HH 8X1HS 6X2HCV 6X2HCP SX1HW 9X3HF/P SX4HDIEL ) 
17 FORMAT(1X F9.4, F10.3, F9.2, F9.5, F10.5, F10.6, 2F9.1, F9.3, 
1 2F8.2, 16, £12.5, F9.5) 
LET US EXAMINE A SUBCRITICAL ISOBAR. 
19 PMPA = 3.5 
20 P = 10*PMPA $ PRINT 14, PMPA $ PRINT 16 
21 DO 90 J=1,39 $ TIK = T= 110 + 10*J 
22 CALL THERMO $ IW =W $ Z = P/DEN/R/T 
GET DIEL.CONST., AND FUGACITIES. 
25 GIB = H-EZZ-HZ -T*(S-SZ) $ FOP = EXP(GIB/GJ/T)*PA/P 
26 IF(T.GT.450) 27,28 
AOE =20'$ GO 10 30 
28 DIE = DIELF(DEN,T,P) 
CONVERT PRESSURES, DENSITIES, AND DERIVATIVES. 
30 PMPA=P/10 $ DEN=DEN*WM $ DPDT=DPDT/10 $ DPDD=DPDD/10/WM 
31 DPMDT = DPMDT/10 $ DPSDT = DPSDT/10 $ DDSDT = DDSDT*WM 
40 PRINT 17, PMPA,T,DEN,Z, DPDT,DPDD, E,H,S, CV,CP,IW, FOP,DIE 
QO CONTINUE $ RETURN $ END 


FUNCTION SSATF(T) 
PROPANE SATLIQ ENTROPY, J/MOL/K. 
CONSTRAINED AT TRIPLE AND CRITICAL POINTS. 
V# (S=SCRT)/(STRP=SCRT), X # (1C=1)/(TC-TT). 
Vem Xe (XE-NCAU I AZeXGa I ASAX2 + 51bs 5 ye 
DIMENSION AS(8) 
DATA (NFS=8) ,(ES=0.32) ,( TTRP=85.47) ,( TCRT=369 .85) 
DAMA (STREP) ="82-56147)), (SCRT =) 234.72617) 
DATA(AS = 0.1263077082, -0.7539546218, 1.253270427, -5.96961033, 
1 14.0277688, -20.62894506, 16.01178434, -5.411082748) 
FORMAT(1HO 9X 3HT =F10.5, * IN SSATF(T). * / ) 
DE(TCRI-1)) 34,5 
BRUNT edt 1S |S  SIKOP 
SSATF = SCRT $ RETURN 
YN = STRP-SCRT $ XN = TCRT-TTRP 
Ms (ICRTSO AN So Yes yesses OS Waa Sy 
Vor=— Xo DO) Se K=L.NES 
Y = Y + V*AS(K)*X**(K-1) 
SSATF = SCRT + YN*Y $ RETURN $ END 


OOnNANAAILPwWHrF 


SUBROUTINE TABLIQ 

COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
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COMMON/8/- INS IK, PRTC DENS BSH. S 5. GV SCR CSAT saw WK 
COMMON/9/DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 
COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT,ZFX, FRT ,DFRTDT 
COMMON / 997° TI 3827 EZ SZ ACV 2. IZ CPZ 
DIMENSION DSA(50) ,TSA(60) ,PSA(60) ,DLT(60) ,DPT(60) ,DPD(60) 
DATA (G=0.083145) ,(WM=44 .09721) 
4 FORMAT(1H1 13X *PROPERTIES OF SATURATED LIQUID PROPANE* // 
1 14X HT 11X1HP 3X5HDEN,L 7X5HDEN,G 5X3HZ,L 5X3HZ,G 
2 5X6HDPS/DT 3X6HDDL/DT 3X5HDP/DT 6X5HDP/DD / 
3 14X 1HK 9X3HMPA 3X5HKG/M3 7X5HKG/M3  16X 
4 6X5HMPA/K 2X7HKG/M3/K 3X5HMPA/K 2X9HMPA-M3/KG ) 
5 FORMAT(5XF10.3, £12.5, F8°2,°E1l2.5.) 2F8 53 (E114 FO. 4 here eialeay 
11 FORMAT(iH1 13X *PROPERTIES OF SATURATED LIQUID PROPANE * // 
1 14X 1HT 4X5HQ,VAP 8X1HE 8X1HH 8X1HS 
2 6X2HCV 6X2HCS 6X2HCP 6X3HF/P OXLHW 4X5HDIEL. / 
3. 14X 1HK 4X5HJ/MOL 4X5HI/MOL 4X5HJ/MOL 2X7HJ/MOL/K 
4 1X7HJ/MOL/K 1X7HJ/MOL/K 1X7HJ/MOL/K 11X 5HM/SEC 4X5HCONST ) 
12; FORMAT(5X.-F10.3, 3F9-1; FOSe 358 eee FOR Sry sgl.) 
C FOR PAGE ONE OF TABLIQ. 
C REPLACE T..= 230 BY@B Pe WAle J =1330 
120 NPS = 585< o> 2 PRINT 
121) DO. 15020=PNP* S$. TEU EO de) 2223 
122 TERPS: AGO Ove n39 
i239 JoEQ.30 i 24,125 
124 FINDTSF(1.01325) $ GO TO 139 


F 


i — it ~~ I 


+ 
I 
° 

125 IF(J.EQ.NP)..1265128 

126 T = TCRT $ DSA(J)=DG=DL=DCRT $ DLT(J) = DDLDT = 0 

127 VG <=) Vibe=21.0/DCRISUSs  ZGR=AZCRi = S. NCO Ona iT 

128: 12="80 42540 

139 DSA(J) = DL = DENLIQF(T) $ DLT(J) = DDLDT = DDSDT 

140 DG = DENGASF(T) $ ZG = ZSAT $ VG=41/DG $ VL = 1/DL 

141 TSA(J) = T $ PX = PVTF(T,DL,1) $ DPT(J)=DPDT “$ DPD(J)=DPDD 

147 PSA(J) = PS = PSAT $ Z = PS/DL/G/T 


148 PS=PS/10 $ DPSDT=DPSDT/10 $ DPDT=DPDT/10 $ DPDD=DPDD/10 
149 DL=DL*WM $ DG=DG*WM $ DDLDT=DDLDT*WM $ DPDD = DPDD/WM 
150 PRINT 5. TPS. DESDG.: 2:26), DPSDT. ODED. DED. DPDD 

PAGE’ 2,. FABLIQ. AVOID “COEXIST, TIMESAVER: 

USE COEXIST AT ALL TEMPERATURES. 
160 PRINT 11 -$ (DO 180 J=1,NP. $ T = TSA(J) .$ _P’= PSA(J) 
161 CALL COEXIST $;-DL°= DEN $ IWo=.W 
162 DIEL = DIELF(DL,T,P) $ .QX = QVAPXF(T) 

GET »FUGACITY COEF. ((F/P)i. VIAvHZ,* SZ. cHGe @SGr. 

NOTE, DI = 0.00001 MOL/L IN EDELF. 
170 GIBS = HG-EZZ-HZ - T*(SG-SZ) 
171 GJ = 100*G $ XP = EXP(GIBS/GJ/T) $ FOP = XP*1.01325/P 
172 IF(DNG.LE.0.00001) FOP = 1.0 
180. PRINT 125) 10x. Es HieSs CV CSAT. CR ROP. a lWeciDIEle 
999 RETURN $ END 


ona) 
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SUBROUTINE THERMO 
FOR COMPUTATION AT ANY (T,P) POINT. 
ASSUMES AN ISOTHERM IN SINGLE-PHASE ONLY. 
CASES FOR ISOTHERMS BELOW, EQ., ABOVE TCRT. 


GaGa Ga 


50 


GIG 


QD EX an () (Sy G2) Ge) am 


(RR) G2) 


GIVEN (1,P), RETURNS DEN, E,H,S, CV,CP,W, DPOT, DPOD. 
ENTRIES BELOW FOR PHASE BOUNDARIES ASSUME A GIVEN ISOBAR P, OR - 
ENTRIES BELOW FOR PHASE BOUNDARIES ASSUME A GIVEN ISOTHERM, T. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 .DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/ ONG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD 
COMMON SOL EZ Zn BZ SZ CNIZ CH ZC PZ 
1 FORMAT(1LHO 9X *THERMO, P.GE.PMELT. * / ) 
2 FORMAT(1HO 9X *THERMO DOUBLE-VALUED AT P 
3 FORMAT(1HO 9X *THERMO, DEN GE. DCRT AT T 
HOMLE(N—nCRT) 11 ,20,25 
SUBCRITICAL ISOTHERMS. 
eee PMEL IE T)) ($i aIF(PGESPM) 2,13 
PZmENT els) CALE TCOMPREQ, “Se TI=T  $ CALL IDEAL $ RETURN 
SaPSe-PSATRICT) > $  IR(P=PS) 14,15 516 
14 CALL GENEOQUS $ RETURN 
SRN 7) Se RETURN 
LOWCALICOMPREQ “S$ Tl = oS CALL IDEAL $~ RETURN 
THE CRITICAL ISOTHERM. 
20 CALL GENEOUS $  IF(DEN.LT.DCRT) RETURN 
Zimcbe—2cVi—- W = 0 > PRINT 3. $ RETURN 
ISOTHERMS AT T ABOVE TCRT. 
25 CALL GENEOUS $ RETURN 
THERMOM FOR GIVEN ISOBAR AT THE MELTING LINE, GET T. 
RETURNS T,DEN, E,H,S, CV,CP,W, DPMDT,DPDT,DPDD. 
ENTRY THERMOM 3 
40 T = FINDTMF(P) $ PM = PMELTF(T) $ CALL COMPRLQ 
Vite (Sy CALL IDEAL ~$ RETURN 
THERMOL FOR GIVEN ISOBAR AT SATURATED LIQUID LINE, GET T. 
REURNSSSDENS Esiss,, CV. CPSCSAT HM, DPSDIT,DDSDT, OPDT,DPDD:. 
ENTRY THERMOL 
43 T = FINDTSF(P) $ CALL COEXIST $ RETURN 
THERMOV FOR GIVEN ISOBAR AT THE SATURATED VAPOR LINE, GET T. 
RETURNS T,DEN, E,H,S, CV,CP,W, DPSDT,DDSDT, DPDT,DPDD. 
ENTRY THERMOV 
45 T = FINDTSF(P) $ CALL COEXIST $ DEN=DNG $ E=EG $ H=HG $ S=SG 
47 CV=CVG $ CP=CPG $ W=WG $ DPDT=DPGDT $ DPDD=DPGDD $ RETURN 
THRMM FOR ISOTHERM AT THE MELTING LINE, GET P. 
REURNSSPEDEN SE Hs. CVPR sw. DPMDIT, DPDT. DPDD. 
ENTRY THRMM 
50 P = PMELTF(T) $ CALL COMPRLQ $ TI=T $ CALL IDEAL $ RETURN 
THRML FOR ISOTHERM AT SAT. LIQ. LINE, GET P. 
RERURNS PSDENS EsH.s), CV, CPSCSAT.Ws DPSDESDDSDT, -DPDT,DPDD. 
ENTRY THRML 
S5ePa— PSATE(N)) ~$ CALL COEXIST ~$ RETURN 
THRMV FOR ISOTHERM AT SAT. VAPOR LINE, GET P. 
RETURNS P,DEN, E,H,S, CV,CP,W, DPSDT,DDSDT, DPDT,DPDD 
ENTRY THRMV é 
SORPe-ePSATE Ge S (CALE COEXTSIT 
61 DEN=DNG $ E=EG $ H=HG $ S=SG $ CV=CVG 
62 CP=CPG $ W=WG $ DPDT=DPGDT $ DPDD=DPGDD 
99 RETURN $ END 
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FUNCTION THETAF( DEN) 
THETA = TSAT*EXP(U(S)). 
LET 0 = (S-1)i/(ST-1)), 7 WHERE ST = DTRE/DERTY THEN T= 
[TPUS <i = AU AO nxor IF So> le UPS AO Aes 
COMMON/1/AL,BE,GA,DE,EP,FT, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
S = DEN/DCRT $ -DSDR’ = DIRP/OGRT «Su 6 = DSDR=1 
Q = (S=1)/C $$  02'=:040 ($: 70 = AL*0%02 
Ul = AL*3*02*DSDR/C* $ = TF(O) 53984 
YoSSUr eS ele 
YPM EX PICU) $  THETAF = TSAT*XP 
)*XP $ RETURN 
= 0 $ RETURN $ END 


DTHDR = (TSAT*U1 + DTSDR 
THETAF = TCRT $ DTHDR 


ODO BP WPF 


FUNCTION TSATF(DEN) 
ITERATE T TO MINIMIZE (DEN-DCALC) VIA DENGASF(T), DENLIQF(T). 
IF ITERATION FAILS, PRINTOUT ONCE ONLY AND STOP AT K = 2. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
DATA (Q=2.0), (FN=6.3890561) 
NOTE, FN # EXP (Q) Sea Ols 
1 FORMAT(LH1 14x *TSATF(DEN) FAILS AT DEN =* E15.7// 
1 15X 5HDCALC 13X2HDD 1OXSHDDSDT 13X2HDT 12X3HT,K ) 
2 FORMAT(5X 5E15.7) 
3° K°=°05 '$. 22D SeDEN 
AS = D/DCRT $ YN =-TCRT/TIRP=1 $ “TR(D-DERT)* 52306 
5 ST=DGAT/DCRT $ F= Aon ON MOC IHIEAG -S)/(1-ST))**2 $ GO TO 7 
6 ST=DTRP/DCRT $ U=({S-1)/(ST-1))**3 $ F=(EXP(Q*U)-1) /FN 
7 Y = TCRI/(YNAF RE) 
8 DO: 20 J=1 50 -$. “TF (D-DERT) 9530210 


9 DC = DENGASF(T) $ GO TO 11 

10 DC = DENLIQF(T) 

11 DD =D - 9C $ TECABS(DD/D) E11 0E-7) 25212 
12 DT = DD/DDSDT $ -IFCABS(DT/T).LY.10E=7) 25,13 
TSP SOT (Dike eS SOT) 4 ra a5 

14. Ts BURRS eee GOn es 13 

15 TRChee NER) VS eaG 


16 T = TCRT - 0.05 

LO™TECKSEO +1). PRINT 22. DCs DDe ADI SDin a Dieta 

20 ‘CONTINUE 3$> K=<Ktl=:$- CIR(KSNE <1) “Sii0P 

21 PRINT i. DEN. 27S." GO 1004 

25 TSATF{= 1 -$- DESDRS= DTRP/DDSDI- © $ waREMURN 
30 ISAT. = TERT. $. DISDR="0-$ RETURN $° “END 


FUNCTION XBF(T,D) 

XBF(R,T) # (X**BE)*EXP(A*(1-TS/T)) - XS**BE, WHERE - 

Xf D/C. XS-#eTS/1G. A GleBE) +" SORM GEREN, 

XBF = U*EXP(A*V) - US, U #.X**B, US # XS**B, V'# (1-TS/T). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT,DPDD,DPDR ,DTSDR,DTHDR,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
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COMMON/6/ TSAT, THETA, PSAT 


B= BE $ BN=1-B $ A = BN + SQRT(BN) 

TCeTeRr S TS=VSAE STEIN S. XSaS/IG. 4s YG Seva 

(e—yeX Besse Ul BAX  S) U2 = =BNAUL/X 

WSi=—XSEAB Se UST = BAUSEXSI/XS 

Veet S/ien Ss NER = -DniSDR/T S$  VEXt= TS/T/X  $ V2X = =2*V1X/XxX 
DEE PVASN anno) Pll =a AxPs SD Api 

PIRE=—PIAVIRGE$ PIX = PIAVIX $ .P2X = PI*V2X + P2*VIX*VIX 

XBF = UXP - US $ XB1 = U*P1X + U1*P 

XB2 = UXP2X + 2*U1*P1X + U2*P $ DXBDR = U*P1R - US] 

RETURN $ END 


FUNCTION XEF(T,D) 
ULTRA REVISION, MARCH 29, 1981. 
XEF = H(R,T)/HS(R) - 1.0, 
HREM D> (W=WE/E)/(1-1/E), & = ET. 
X#T/TC, F#TS/T, WH(1-TH/T), WE#W**E 
AG-aDes B= LA, C = EP, E =,ET. 

COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSNT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 

COMMON/6/ TSAT, THETA, PSAT 
ee Se EKo= e/(E=1)— $ TC = 
lise SAN es oh = THETA $ X = 
WeeaOl=TH/l $ IF(W) 30,30,4 
CONTINUE 

WIR = -DTHDR/T $ WI1X = TH/T/X $ W2X = -2*W1X/X 

WE = W**E $ WE] = E*WE/W $ WEIR = WE1*WIR 

WE1X = WEL*W1X $ WE2X = WEL*W2X + (E-1)*WEL*WIX*W1X/W 
H = 1 - EK*(W-WE/E) $ H1IR = -EK*(WIR-WE1R/E) 
H1X = -EK*(WILX-WE1X/E) $ H2X = -EK*(W2X-WE2X/E) 
Wse=) 20) UH/TS $ IF(WS) Ddsi1,12 
Seale oeeHSipe= 0) ($. G0! 10! Alo 
WS1 = (TH*DTSDR/TS - DTHDR)/TS 
WSE = WS**E $ WSE1 = EXWSE*WS1/WS 

HS = 1 - EK*(WS-WSE/E) $ HS1 = -EK*(WS1-WSE1/E) 
1.0/HS $ UIR = -U*HS1/HS 
Ute S uD NEDRe =a Reiki ReY 

SU RO NE CRON UN SteeXehe iP 1 Sake TURN 
SAE NEe Ss DXEDRe =) 0-9 See RETURN © S SEND 


TCRT 
T/TC 
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Data sources and 
(9)Kemp, (11)Deschner, (12)Reamer, (13)Cherney, (14)Clegg, (17)Helgeson, (19)Gilliland, 


(20)Burrell, (25)Thomas, (30)Mousa, (35)Kratzke, (78)Teichmann, (80)Thermal 


Weight 


0053 
2059 
2066 
2073 
2081 
2088 
2097 
2105 
0114 
2 124 
2133 
2 145 
2 154 
2 164 
2176 
e187 
2199 
2202 
e211 
2220 
2224 
2236 
0237 
e257 
2264 
0278 
0278 
2292 
23501 
2507 
0322 
2522 
0538 
2 538 
2594 
2555 
23/0 
2370 
05835 
2587 
2392 
0487 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Table 1. 


1D numbers: 


Temp. 
K 


85.470 
90.000 
95.000 
100.000 
105.000 
110.000 
115.000 
120.000 
125.000 
130.000 
135.000 
140.000 
145.000 
150.000 
155.000 
160.000 
165.000 
166.190 
170.000 ~ 
173.320 
175.000 
179.842 
180.000 
187.347 
190.000 
195.000 
195.131 
200.000 
202.910 
205-000 
209-926 
210.000 
214.982 
215.000 
220.000 
220.259 
225.2000 
225.2098 
228.806 
230-000 
2312462 
258.150 
263.150 
268. 150 
273-150 
278 150 
283.150 
288. 150 
293-150 
298. 150 
303.150 
311.974 
312.360 
313-150 
3172145 
322.120 
323-2150 
323.150 
327.2660 
333.150 
333-545 
337-944 
342.679 
343.150 


Comparisons of vapor pressure data with eq (2). 
(1)Tickner, (2)Carruth, (3)Maass, (4)Dana, (6)Sage, (7)Beattie, 


T/Te 


e23109 
» 24334 
«25686 
227038 
228590 
© 29742 
251094 
2 52446 
033797 
235149 
256501 
031853 
259205 
240557 
241909 
043261 
044613 
244934 
045965 
246862 
047316 
248626 
48668 
290655 
031372 
092724 
292159 
254076 
294865 
255428 
256760 
2 56780 
258127 
298132 
299484 
299554 
060835 
260862 
61865 
262187 
262583 
269799 
e/1150 
e 72502 
273854 
e 75206 
2/6558 
e/7910 
2/9262 
280614 
281966 
284351 
084456 
° 84669 
285749 
287095 
087573 
287373 
088593 
290077 
290184 
091373 
292654 
292781 


Po( expt) 
MPa 


. 16808E-09 
-96721E-09 
-54172E-08 
25 185E-07 
-99897E-07 
»34570E-06 
.10632E-05 
-29504E-05 
-74833E-05 
-17535E-04 
~38308E-04 
- 78644E-04 
.15274E-03 
~28226E-03 
-49886E-03 
8469 1E-03 
-13865E-02 
. 15480E-02 
221963E-02 
~29330E-02 
-33765E-02 
-49850E-02 
50514E-02 
87250E-02 
. 10516E-01 
- 14693E-01 
-14803E-01 
»20140E-01 
~23987E-01 
-27127E-01 
35774E-01 
~35952E-01 
-46884E-01 
-46944E-01 
-60460E-01 
.61212E-01 
-76882E-01 
-77179E-01 
-91484E-01 
.96624E-01 
.10302E+00 
-29179E+00 
-34549E+00 
-40623E+00 
-47462E+00 
-55125E+00 
-63672E+00 
-73159E+00 
~83650E+00 
-95202E+00 
. 10789E+01 
-13318E+01 
-13446E+01 
- 13692E+01 
-14993E+01 
- 16743E+01 
.17122E+01 
-17130E+01 
- 18861E+01 
~21164E+01 
221331E+01 
-23309E+01 
-25606E+01 
25862E+01 
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Pg(calc) 
MPa 


2 16895E-09 
2 96855E-09 
°54123E-08 
°25139E-07 
09 9697E-07 
°54511E-06 
e10618E-05 
°29481E-05 
°/4804E-05 
o 1 7534E-04 
2583 16E-04 
° 78671E-04 
e 15279E-03 
°28235E-03 
049897E-03 
e 84700E-03 
° 13864E-02 
e 15512E-02 
02 1959E-02 
» 29308E-02 
°©33756E-02 
°49878E-02 
°90497E-02 
°8/7296E-02 
2 10512E-01 
e 14687E-01 
»14812E-01 
°201335E-01 
223995E-01 
°27119E-01 
°55798E-01 
2 55944E-01 
046895E-01 
246937E-01 
°©60455E-01 
°61231E-01 
»/6884E-01 
e//2358E-01 
09 1593E-01 
296633E-01 
e 10310E+00 
°29153E+00 
0 54522E+00 
°40601E+00 
©47447E+00 
°55118E+00 
063671E+00 
e 73167E+00 
°83665E+00 
°95229E+00 
e10792E+01 
e 13327E+01 
2 13447E+01 
2 13695E+01 
e 15000E+01 
2 16751E+01 
e171351E+01 
e17131E+01 
e 18870E+01 
e21158E+01 
e213530E+01 
22353 18E+01 
°25609E+0 1 
°25846E+0 | 


Loops. 
Diff. 
3 
Ce 
-.14 
209 
18 
20 
el7 
013 
08 
204 
200 
-.02 
-.03 
-.04 
-.03 
-.02 
-.01 
200 
-.2) 
002 
208 
202 
-.06 
003 
-.05 
204 
204 
-.06 
203 
-.02 
203 
-.07 
202 
-.02 
202 
01 
-.03 
-.00 
-.08 
=6 IA 
-.01 
-.08 
209 
208 
005 
203 
201 
200 
-.01 
-.02 
-.03 
-.03 
-.07 
-.01 
-.03 
-.05 
-.05 
-.05 
-.00 
-.05 
203 
200 
-.04 
-.01 
206 


dPg/dT 
MPa/K 


-688E-10 
2 3535E-09 
-176E-08 
« /30E-08 
»260E-07 
©814E-07 
e227E-06 
-574E-06 
el S5E-05 
» 286E-05 
2574E-05 
e 109E-04 
e 195E-04 
e 354E-04 
eD47E-04 
»865E-04 
- 132E-03 
e 145E-03 
- 195E-03 
°249E-03 
»281E-03 
2 590E-03 
2 394E-03 
°621E-03 
e/24E-03 
2954E-03 
e960E-03 
2 123E-02 
» 142E-02 
« 157E-02 
- |96E-02 
2 197E-02 
»244E-02 
»244E-02 
2 298E-02 
e 501E-02 
e 360E-02 
e 362E-02 
e415E-02 
°431E-02 
04 535E-02 
- 1O1E-01 
e114E-01 
e 129E-01 
2 145E-01 
e 162E-01 
e 180E-01 
e200E-01 
»220E-01 
e242E-01 
e266E-01 
e510E-01 
e512E-01 
e516E-01 
25 58E-01 
e566E-01 
e5/2E-01 
e572E-01 
e399E-0 1 
2435E-01 
e437E-01 
e467E-01 
e501E-01 
-504E-01 
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Table 1. 


(Continued). 


Data sources and ID numbers: (1)Tickner, (2)Carruth, (3)Maass, (4)Dana, (6)Sage, (7)Beattie, 

(9)Kemp, (11)Deschner, (12)Reamer, (13)Cherney, (14)Clegg, (17)Helgeson, (19)Gilliland, 

(20)Burrel!, (25)Thomas, (30)Mousa, (35)Kratzke, (78)Teichmann, (80)Thermal Loops. 
Weight TEMP e T/Te Pal expt) Pg(calc) Diff. dP g/dT 

K MPa MPa g MPa/K 

1.000 3476775 094031 »28265E+01 °28259E+01 02 »D40E-01 
1.000 348.150 094133 o28485E+01 2 28463E+01 208 °D43E-01 
1.000 348.150 094133 _ e28486E+01 °28465E+0 1 008 . oD43E-01 
1.000 353.2150 095485 2 51509E+01 e51281E+01 209 2 585E-01 
1.000 353423 295558 e535 1451E+01 031441E+01 003 °587E-01 
1.000 357.564 296678 2° 33962E+01 2 35948E+01 204 © 625E-01 
1.000 358.150 096837 © 54352E+01 2 54316E+01 elt e650E-01 
1.000 362.826 98101 °37371E+01 2 37373E+01 -.01 °679E-01 
1.000 363.150 -981388 25/7633E+01 2 5/594E+01 210 2683E-01 
1.000 365.150 298729 e590 18E+01 ° 38983E+01 209 e/07E-01 
1.000 366.130 98994 039665E+01 2° 39681E+01 -.04 »/20E-01 
1.000 367.150 2©99270 °40450E+01 040423E+01 07 e 734E-01 
1.000 367.583 °99387 ©40727E+01 240742E+01 -.04 °/41E-01 
1.000 368. 150 299540 °41185E+01 °41165E+01 205 e/51E-01 
1.000 369.150 299811 e41935E+01 °©41926E+0 1 002 e/72E-01 
1.000 369.650 °99946 ©42316E+01 ©42316E+01 00 2 /88E-01 
1.000 369.750 099973 2042393E+01 042395E+0 1 -.00 -/94E-01 
0.000 105.350 © 28485 e 13330E-06 2 10921E-06 22.06 e283E-07 
0.000 108.250 29269 2 26660E-06 °22667E-06 17.61 © 554E-07 
0.000 112.450 030404 e66660E-06 260685E-06 9.85 e 136E-06 
0.000 Ti D675O 031296 e 13330E-05 e 12453E-05 7204 2» 263E-06 
0.000 119.250 032243 e26660E=-05 e25447E-05 NST © 503E-06 
0.000 124.350 255622 © 66660E-05 °66588E-05 eal) e 120E-05 
0.000 128.350 347/03 e 13530E-04 2 13346E-04 -.12 e224E-05 
0.000 132.850 2055920 e 26660E-04 e2/7600E-04 -3.40 °429E-05 
0.000 139.150 25/623 »66660E-04 269900E-04 -4.64 09 /9E-05 
0.000 144.350 259029 e 13330E-03 e 14057E-03 -5el7 e I81E-04 
0.000 149.950 040543 e26660E-03 »28069E-03 -5.02 0 552E-04 
0.000 158.150 e42761 » 66660E-03 e69949E-03 -4./0 2 /33E-04 
0.000 164.750 044545 e 13330E-02 e 13538E-02 -1.54 2 129E-03 
0.000 94.540 ~22562 » 68500E-08 e46579E-08 47.06 2 153E-08 
0.000 99.780 226979 °50650E-07 e23579E-07 29.99 e688E-08 
0.000 105.150 228430 e 12190E-06 2 10368E-06 17.58 e2/0E-07 
0.000 110.650 029918 ©43650E-06 040193E-06 8.60 0936E-07 
0.000 117.420 051/748 2 | 7800E-05 e 17616E-05 1.05 2 360E-06 
0.000 127.720 054533 e 1 1360E-04 e |2000E-04 -5.33 e204E-05 
0.000 134.150 236271 °31250E-04 ° 53703E-04 -7.28 °512E-05 
0.000 143.740 258864 e 1 1960E-03 2 12989E-03 -7.92 e 1|69E-04 
0.000 1556/20 042104 e DJ0660E-03 2 55976E-03 -6.14 2» D86E-04 
0.000 162.450 043923 » 10390E-02 2 10830E-02 -4.06 - 107E-03 
0.000 173.580 046933 © 29920E-02 2 29962E-02 -.14 2 254E-03 
0.000 178.650 048303 045700E-02 ‘45409E-02 064 e560E-03 
0.000 229.750 e62120 e 11426E+00 ©95561E-01 19.57 e427E-02 
0.000 230.250 ©62255 -11599E+00 e97716E-01 18.70 0435E-02 
0.000 230.850 262417 e 11919E+00 e 10035E+00 18.77 e444E-02 
0.000 234.750 263472 e 13999E+00 e11887E+00 ould 2eD06E-02 
0.000 242.300 209515 e 18238E+00 e 16214E+00 12.48 ~644E-02 
0.000 250.050 ©67608 °26944E+00 e21824E+00 23246 e808E-02 
0.000 210.330 e 56869 2 56837E-01 2 56599E-01 065 e200E-02 
0.000 216.410 098515 250689E-01 e50477E-01 042 e258E-02 
0.000 216.470 258529 e 50822E-01 ° 50632E-01 Aes °259E-02 
0.000 221.640 059927 265835E-01 °65504E-01 sol 205 18E-02 
0.000 2272250 261444 °85753E-01 °85355E-01 249 2 391E-02 
0.000 231.2080 °62479 2 10181E+00 2 10138E+00 042 e447E-02 
0.000 2352040 °63550 e 12050E+00 e 12034E+00 Pa be) e511E-02 
0.900 235.090 263564 e 12082E+00 e 12060E+00 218 °512E-02 
0.000 242.730 °65629 e 16520E+00 e 16493E+00 016 e652E-02 
0.000 249.070 °67344 e21041E+00 e21043E+00 -O01 e/86E-02 
0.000 256-290 269296 e27238E+00 e27326E+00 -.52 2° 958E-02 
0.000 2672280 °/2267 259303E+00 e39490E+00 -.47 2 126E-01 
0.000 272.2120 0/3576 245903E+00 e45972E+00 Se be) e 142E-01 
0.000 275.630 074525 250529E+00 251145E+00 -1.21 2 155E-01 
0.000 282.670 2 1/6428 °62542E+00 »62810E+00 -.43 - 178E-01 
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Table 1. 


(Continued). 


dP, /dT 
MPa/K 


-181E-01 
»212E-01 
~242E-01 
-285E-01 
e5Z7E-01 
°5/4E-01 
e3/4E-01 
-224E-01 
2 256E-01 
-287E-01 
e317E-01 
» 346E-01 
23 73E-01 
2401E-01 
»428E-01 
°454E-01 
-481E-01 
2 507E-01 
°5535E-01 
2 D59E-01 
2 584E-01 
~609E-01 
°635E-01 
°662E-01 
e690E-01 
e 721E-01 
»/65E-01 
-260E-01 
e265E-01 
°2735E-01 
e283E-01 
°291E-01 
e507E-01 
2507E-01 
e529E-01 
° D435E-01 
2 544E-01 
2 583E-01 
0418E-01 
e418E-01 
e440E-01 
0458E-01 
e482E-01 
e482E-01 
-516E-01 
° 44E-01 
2eD/2E-01 
e629E-01 
e660E-01 
-660E-01 
e6835E-01 
-686E-01 
e/11E-01 
e/65E-01 
e767E-01 
e518E-01 
e427E-01 
°479E-01 
2529E-01 
e581E-01 
-631E-01 
-688E-01 
e/55E-01 


Data sources and |D numbers: (1)Tickner, (2)Carruth, (3)Maass, (4)Dana, (6)Sage, (7)Beattie, 

(9)Kemp, (11)Deschner, (12)Reamer, (13)Cherney, (14)Clegg, (17)Helgeson, (19)Gilliland, 

(20)Burrel!l, (25)Thomas, (30)Mousa, (35)Kratzke, (78)Teichmann, (80)Thermal Loops. 
Weight Temp. T/Te Pg(expt) Pg (calc) Diff. 

K MPa MPa 4 

0.000 285 » 300 2/6599 263648E+00 ©63942E+00 -.46 
0.000 291.080 2/8702 - /8607E+00 e79193E+00 -.74 
0.000 298.080 080595 ©94352E+00 -95059E+00 -.74 
0.000 307.090 283031 - 11644E+01 e 11876E+01 -1.95 
0.000 S210 085226 e 14232E+01 2 14358E+01 -.87 
0.000 323.2490 087465 2 17023E+01 2 17258E+01 -1.36 
0.000 323.490 087465 e 17065E+0 1 e17258E+01 -1.12 
0.000 293.930 2/9473 e86180E+00 e85398E+00 92 
0.000 301.090 281409 2 10352E+01 e 10255E+01 094 
0.000 307.480 PeS5 156 e 12066E+01 -11987E+01 266 
0.000 55520 084715 © 13790E+01 e 13749E+01 0 
0.000 318.590 86140 e 15513E+01 e 15494E+01 eal 
0.000 525 )65i/0 087433 e 17237E+01 e 17213E+01 14 
0.000 327.2930 288666 2 18961E+01 2 18978E+01 -.09 
0.000 332.090 89790 °20684E+01 e20701E+01 -.08 
0.000 336.090 90872 - 22408E+01 e22464E+01 -e25 
0.000 339.870 91894 024132E+01 °24231E+01 -.41 
0.000 343.480 292870 e25855E+01 »26013E+01 -.6] 
0.000 346.930 2093803 e27579E+01 e2/807E+0 1 -.82 
0.000 350-090 94657 °29305E+01 2 295352E+01 -./8 
0.000 3532090 295468 e51026E+01 23 1246E+01 -./0 
0.000 355.870 296220 2° 52750E+01 2 32903E+01 -.47 
0.000 358.590 96956 eo 3J4474E+0 1 2 34594E+01 -.35 
0.000 361-260 09/677 0 36197E+01 2 36324E+01 2355 
0.000 363.760 098353 037921E+01 °38012E+01 -.24 
0.000 366.260 299029 2 539645E+01 © 59775E+01 -.53 
0.000 368.760 99705 241369E+01 241627E+01 -.62 
0.000 301.950 81641 e 10536E+01 e 10477E+01 256 
0.000 302.950 081912 e 1O0807E+01 © 10739E+01 063 
0.000 304.610 ° 82360 -11248E+01 e11185E+01 256 
0.000 306.680 082920 e11829E+01 e11760E+01 259 
0.000 308 .350 083372 2 12317E+01 2 12239E+01 64 
0.000 311-490 284221 » 13246E+01 2 13178E+0 i Bey 
0.000 311.490 284221 2 13249E+01 e 13178E+01 054 
0.000 315.2480 285299 e 14500E+0 1 e 14446E+01 ei, 
0.000 SilBe50 86021 e 15471E+01 e 15343E+01 284 
0.000 318.280 286057 e 15474E+01 2 15388E+01 256 
0.000 324.940 °87857 e 17798E+01 e 17806E+01 -.05 
0.000 330.600 089388 e20098E+01 e20071E+01 013 
0.000 330.600 °89388 e20107E+01 °20071E+01 218 
0.000 333.960 290296 o21596E+01 e21512E+01 039 
0.000 336.650 °91023 e22749E+01 e22720E+01 ae) 
0.000 340.120 291962 e24561E+0 1 024351E+01 286 
0.000 340.120 91962 2 24539E+01 °24351E+01 adhd 
0.000 344.640 093184 e26778E+01 e26606E+0 1 265 
0.000 348.240 094157 e28709E+01 °©28512E+01 269 
0.000 351.640 095076 °30683E+0 1 e30408E+0 1 290 
0.000 358.010 © 96799 2 34289E+01 eD4227E+01 218 
0.000 361.120 097640 °36292E+0 1 2 36231E+01 ei lis 
0.000 361.120 297640 e 536320E+01 236235 1E+01 224 
0.000 363-200 098202 203/687E+01 e37628E+01 216 
0.000 363-450 98270 2 57828E+01 e37799E+01 208 
0.000 365.470 298816 e59048E+0 1 e59209E+0 1 -.41 
0.000 368.850 299730 041585E+01 °41696E+01 -.27 
0.000 368.970 099762 e41813E+01 °41787E+01 206 
0.000 3132483 284759 e 13790E+01 e 13801E+01 -.08 
0.000 332.039 289777 e20684E+01 e20679E+0 1 02 
0.000 339.594 291819 °24132E+01 224098E+01 214 
0.000 346.428 293667 °27579E+0 1 e27540E+0 1 214 
0.000 352.706 295365 e 51026E+01 °31022E+01 01 
0.000 358.261 296867 2 34474E+01 2 34386E+01 226 
0.000 363.594 298309 e37921E+01 2 37898E+01 206 
0.000 368.372 299600 °41369E+0 1 e41332E+01 209 
0.000 50361150 81966 2 10801E+01 e 10792E+01 208 


Sy 


»266E-01 


Table 1. (Continued). 

Data sources and ID numbers: (1)Tickner, (2)Carruth, (3)Maass, (4)Dana, (6)Sage, (7)Beattie, 

(9)Kemp, (11)Deschner, (12)Reamer, (13)Cherney, (14)Clegg, (17)Helgeson, (19)Gilliland, 

(20)Burrell, (25)Thomas, (30)Mousa, (35)Kratzke, (78)Teichmann, (80)Thermal Loops. 
Weight Temp. T/Te Py (expt) Pg( calc) Diff. dPg/dT 

K MPa MPa v4 MPa/K 

0.000 323.150 087373 0 17154E+01 eli VE+0'1 214 e372E-01 
0.000 323.150 087373 2 17154E+01 e17131E+01 2 14 e372E-01 
0.000 333-150 290077 021197E+01 e21158E+01 218 0455E-01 
0.000 343.150 292781 e25909E+01 2 25846E+01 224 -504E-01 
0.000 348.150 094133 028533E+01 e28463E+01 224 2543E-01 
0.000 3535.6 150 295485 °31390E+01 °51281E+01 OB) 2° 585E-01 
0.000 358.150 296837 °34400E+0 1 °34316E+01 «25 e6350E-01 
0.000 363.150 298188 23 /7683E+01 2 5/7594E+01 24 e683E-01 
0.000 368.150 99540 041239E+01 e41165E+01 018 e/51E-01 
0.000 277.594 e 75056 © 54470E+00 ° 54223E+00 046 2 160E-01 
0.000 283.2150 276558 °e63980E+00 ©63671E+00 048 - |80E-01 
0.000 288. 706 e 78060 e 743350E+00 e 74284E+00 206 -202E-01 
0.000 294.261 2/9562 286180E+00 °86141E+00 05 e225E-01 
0.000 299.817 81064 2993550E+00 °99332E+00 02 e250E-01 
0.000 305.372 082566 e11397E+01 e11394E+01 203 e276E-01 
0.000 310.928 284069 e 13010E+01 e 13006E+01 203 - 304E-01 
0.000 316.483 085571 2 14789E+0 1 © 14778E+0 1 207 2334E-01 
0.000 322.039 87073 e 16734E+01 e 16721E+01 208 2 566E-01 
0.000 327.594 088575 e 18857E+01 e 18844E+0 1 207 2 399E-01 
0.000 35561150 290077 e21188E+01 °21158E+01 214 0435E-01 
0.000 338.706 091579 025718E+01 °25676E+01 cults! e472E-01 
0.000 344.261 ° 93081 » 26462E+01 2 26411E+01 019 e513E-01 
0.000 349.817 094583 2 29434E+01 e29380E+0 1 aie} 2D56E-01 
0.000 55D ea 72 296085 2 32654E+01 2 32601E+01 2 16 -604E-01 
0.000 360.928 097588 2 36184E+01 °36105E+01 ZZ e658E-01 
0.000 314.817 85120 e 14065E+01 e 14229E+01 -1.16 2 525E-01 
0.000 330.372 289326 e20271E+01 e 19976E+0 1 1.48 e416E-01 
0.000 545502 295382 °27441E+01 e 26985E+01 1.69 e521E-01 
0.000 3572594 296686 »34060E+0 1 033967E+0 1 a7 °e625E-01 
0.000 148.950 240273 e40000E-03 e24915E-03 60.54 2 299E-04 
0.000 154.850 041868 e80000E-03 049082E-03 62.99 eD40E-04 
0.000 163.950 044329 e 20000E-02 e 12537E-02 59.53 e 121E-03 
0.000 172.650 46681 e40000E-02 2 27678E-02 44.52 e237E-03 
0.000 179.850 248628 2 66660E-02 e49909E-02 SBS) e 390E-03 
0.000 190.350 051467 e 13332E-01 - 10768E-01 23.81 e/59E-03 
0.000 196.850 253224 e 19998E-01 e 16540E-01 20.91 e 10O5E-02 
0.000 202-050 254630 e26664E-01 222794E-01 16.98 e 136E-02 
0.000 210.2250 256847 2 59997E-01 °36439E-01 9.76 e 1I99E-02 
0.000 215.450 258253 °53329E-01 e48044E-01 11.00 e248E-02 
0.000 219.950 259470 e66661E-01 e60306E-01 10.54 2 298E-02 
0.000 223.2750 260497 -/9993E-01 e/2482E-01 10.36 e 344E-02 
0.000 225.2550 260984 - 86660E-01 e /8886E-01 9.85 2 368E-02 
0.000 227.2050 61390 °93326E-01 284556E-01 10.37 2 J88E-02 
0.000 228.050 e 61660 ©97325E-01 e88509E-01 9.96 e402E-02 
0.00C 229.050 061931 2 10133E+00 °92606E-01 9.42 e417E-02 
0.000 334.780 290518 e22001E+01 °21875E+01 258 °445E-01 
0.000 3372360 091215 ©23186E+01 ©23047E+01 260 e463E-01 
0.000 340.510 292067 e24651E+01 °24540E+01 4D e485E-01 
0.000 346.730 °©93749 e27883E+01 e27/700E+01 266 25 52E-01 
0.000 350.470 294760 °29955E+01 °29745E+01 oul °562E-01 
0.000 353.2620 095612 231652E+01 03 1556E+0 1 230 2589E-0 1 
0.000 357.820 296747 °34242E+01 °34108E+01 239 e627E-01 
0.000 362.280 097955 e5/7296E+01 °3/004E+01 19 e675E-01 
0.000 365.570 298843 2° 39541E+01 25928 1E+01 266 2/712E-01 
0.000 367.850 099459 e41159E+01 ©4094 1E+01 005 -/46E-01 
0.000 369.740 299970 °42537E+01 °©42387E+01 256 /93E-01 
0.000 324.754 087807 e 17728E+01 2 17735E+01 -.04 2582E-01 
0.000 328.078 88706 © 19041E+01 2 19037E+01 02 e402E-01 
0.000 351-6556 2089592 e20393E+0 1 e20389E+0 1 202 °0423E-01 
0.000 333.900 290280 °21496E+01 e21486E+01 205 2©439E-01 
0.000 335.669 90758 °22278E+01 »22274E+01 202 e451E-01 
0.000 3372878 91555 2 23285E+01 e25288E+01 -.01 e467E-01 
0.000 340.292 092008 °24433E+0 1 °24434E+01 -.01 »484E-01 
0.000 342.939 292724 °25742E+01 e25740E+01 201 2 503E-01 
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dP/dT 

MPa/K 
2519E-01 
-542E-01 
-564E-01 
-579E-01 
° 599E-01 
630E-01 
-686E-01 


Table 1. (Continued). 
Data sources and ID numbers: (1)Tickner, (2)Carruth, (3)Maass, (4)Dana, (6)Sage, (7)Beattie, 
(9)Kemp, (11)Deschner, (12)Reamer, (13)Cherney, (14)Clegg, (17)Helgeson, (19)Gilliland, 
(20)Burrell, (25)Thomas, (30)Mousa, (35)Kratzke, (78)Teichmann, (80)Thermal Loops. 
1D Weight Temp. T/Te Pg( expt) Pg(calc) Dilifitie 
K MPa MPa % 
78 0.000 345.115 093312 e268 70E+01 226852E+0 1 207 
78 0.000 348.087 094116 2 28434E+01 2 28429E+01 202 
78 0.000 350.680 294817 -29866E+0 1 2 29863E+01 201 
78 0.000 352.559 295325 °30930E+01 2° 50937E+01 -.02 
78 0.000 354.824 095937 2 52279E+01 232271E+01 202 
78 0.000 358.141 96834 © 54310E+01 °534310E+01 - 00 
78 0.000 363.426 982635 e37776E+01 05/7785E+0 1 -.02 
Number of data points used in fit = 81; rms pressure deviation = 0.056%. 


a9 


Data sources and 


Table 2. 


|D numbers: 


Comparisons of saturated liquid density data with eq (3). 


(1)Maass, (2)Van der Vet, (3)NGAA, (4)Sage, (6)Reamer, (7)Clegg, 


(8)Francis, (11)Seeman, (12)Helgeson, (13)Klosek, (14)Shana'a, (15)Jensen, (16)Sliwinski, 
(17)Tomlinson, (18})Kahre, (19)Rodosevich, (20)Haynes, (21)Deschner, (22)Orrit, (23)McCliune, 
(24)Ely, (25)Thomas, (34)Carney, (36)Dana. 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Temp. 
K 


86.650 

90.100 

91.010 

93.150 

96.040 

98.150 
100.010 
100.075 
100.980 
103.150 
105.075 
106.170 
108.150 
108.150 
108.150 
110.075 
111.520 
113.2150 
115.000 
115.075 
116.860 
118.150 
120.075 
122.270 
123.150 
125.075 
127.660 
128.150 
130.075 
133.130 
133-150 
1352075 
138.150 
138.430 
140.075 
143.150 
143.890 
145.075 
148.150 
149.610 
150.075 
153-150 
155.080 
158.150 
160.540 
163.150 
165.809 
165.940 
168.150 
1712410 
173.2150 
176.472 
182.340 
184.294 
187.2800 
191.936 
193.300 
198.748 
198.890 
200.000 
204.329 
204.540 


(ToT) / (Te TH) 


299585 
298372 
298052 
097299 
296283 
295541 
° 94887 
294864 
2 94546 
093783 
293106 
092721 
292025 
092025 
° 92025 
091348 
2 90840 
090267 
289616 
089590 
288962 
°88508 
087831 
287060 
»86750 
286073 
285164 
284992 
284315 
283241 
085234 
°82557 
081475 
281377 
280799 
°/9717 
0/9457 
279040 
2/7959 
2/7446 
0/7282 
» 76201 
0/5522 
2 1/4443 
°/35602 
° 72684 
2/1749 
e 71703 
2/0926 
69780 
269168 
e 68000 
065936 
265249 
264016 
262562 
262082 
260167 
60117 
259726 
298204 
258130 


Density (expt) 


mol/L 


16.607 
16.522 
16.485 
16.442 
16.385 
16.331 
16.291 
16.307 
16.272 
16.217 
16.187 
16.152 
16.096 
16.105 
16.101 
16.072 
16.028 
15.985 
15.946 
15.956 
15.906 
15.870 
15.841 
15.782 
15.755 
15.725 
15.660 
15.639 
15.609 
15.531 
15.524 
15.491 
15.411 
15.408 
15.375 
15.296 
15.282 
15.259 
15.182 
15.148 
15.140 
15.067 
15.025 
14.951 
14.898 
14.834 
14.776 
14.772 
14.718 
14.659 
14.595 
14.525 
14.385 
14.340 
14.254 
14.155 
14.120 
13.991 
13.986 
13.956 
13.857 
13.847 


60 


kg/m3 


732032 
728.57 
726296 
725.205 
722252 
720.17 
718241 
719207 
717254 
715011 
713.81 
HAZ. 25 
709.78 
710017 
709.299 
708.72 
706279 
704.89 
703.219 
703.60 
701243 
699.82 
698.55 
695.96 
694.73 
693.43 
690.55 
689.62 
688.29 
684.89 
684.56 
683.11 
679.60 
679.45 
678.00 
674.50 
673.87 
672.87 
669-46 
668.00 
667.63 
664.42 
662.55 
659.29 
656.98 
654.15 
651.60 
651.40 
649.02 
646.40 
643.59 
640.50 
634.33 
63234 
628.55 
624.21 
622.67 
616.96 
616.72 
615-42 
611.06 
610.62 


Density (calc) 
kg/m3 


732612 
728.57 
727264 
725244 
722248 
720233 
718.43 
718236 
717244 
715022 
713226 
12.15 
710.14 
710214 
710.14 
708. 18 
706671 
705.06 
703.18 
703611 
701.30 
699.99 
698.04 
695.82 
694.935 
692.98 
690 36 
689.87 
687.92 
684.85 
684 .81 
682.86 
679.74 
679.46 
677279 
674.67 
673.92 
6722/2 
669.60 
668.11 
667.64 
664.51 
662 54 
659.40 
656296 
654.28 
651255 
651.42 
649.14 
645.77 
643.97 
640.53 
634.40 
632-55 
628 .66 
624.28 
622.83 
617.00 
616.85 
615.66 
610.97 
610.75 


Diff. 


dOg /dT 
kg/(m3°K) 


-1.0301 
-1.0275 
- 1.0266 
-1.0250 
-1.0250 
-1.0216 
-1.0205 
-1.0205 
-1.0199 
-1.0188 
-1.0178 
-1.0173 
-1.0164 
-1.0164 
-1.0164 
-1.0156 
-1.0151 
-1.0145 
-1.0140 
-1.0139 
-1.0135 
-1.0132 
-1.0128 
-1.0124 
-1.0123 
-1.0122 
-1.0121 
-1.0121 
-1.0121 
-1.0123 
-1.0125 
-1.0126 
-1.0131 
-1.0132 
-1.0136 
-1.0145 
-1.0148 
=a Oi 
-1.0165 
-1.0172 
-1.0175 
-1.0191 
-1.0203 
-1.0224 
-1.0241 
-1.0262 
-1.0286 
-1.0287 
-1.0308 
-1.0341 
-1-0360 
-1.0399 
-1.0475 
-1.0503 
-1.0556 
-1.0623 
-|1.0647 
-1.0747 
-1.0750 
-1.0771 
-1.0860 
- 1.0865 


Data sources and |D numbers: 


Table 2. 


(Continued). 


(1)Maass, (2)Van der Vet, (3)NGAA, (4)Sage, (6)Reamer, (7)Clegg, 


(8)Francis, (11)Seeman, (12)Helgeson, (13)Klosek, (14)Shana'a, (15)Jensen, (16)Sliwinski, 
(17) Tomlinson, (18)Kahre, (19)Rodosevich, (20)Haynes, (21)Deschner, (22)Orrit, (23)McCl une, 
(24)Ely, (25)Thomas, (34)Carney, (36)Dana. 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
- 1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
1.000 
0.000 


0.000 


Temp. 
K 


210.020 
211.2320 
2162020 
218.200 
222.040 
225.876 
227.2560 
231.2875 
232.910 
2556185 
235.2610 
238-400 
240.000 
241.180 
243.980 
246.260 
247.2555 
249.525 
257.991 
258.150 
263.150 
2672737 
268. 150 
270-000 
2736150 
277.971 
278.150 
280.000 
283.150 
283.200 
287.784 
288.150 
293.150 
293-2190 
298.150 
303.150 
303.150 
313.120 
313.150 
323.120 
323.150 
333-2110 
333.150 
343.080 
343.150 
348.080 
348.150 
353.090 
353.150 
358.100 
358.150 
363-110 
363.150 
365.2 150 
367.2150 
368-100 
368. 150 
369.100 
369.150 
369.600 


194.950 


(Te-T)/ (TT 4) 


e 56203 
055746 
2 04093 
033527 
231976 
030627 
250105 
048518 
248154 
047355 
047204 
046223 
245661 
045246 
044261 
043459 
243004 
042312 
2 39354 
259278 
23/520 
235907 
035162 
255111 
2 34004 
052509 
052246 
031595 
230487 
2530470 
2 28858 
028729 
226971 
026957 
°25213 
023455 
225455 
219949 
2 19938 
2 16432 
2 16422 
012919 
2 12905 
209413 
209389 
2007655 
207631 
205894 
005872 
204132 
004114 
202370 
202556 
201653 
00949 
200615 
» 00598 
200264 
200246 
00088 


261502 


Density (expt) 


mol/L 


13.710 
13.696 
132559 
USO 
13.405 
1 Seid 
13.268 
13.169 
13.120 
13.073 
13.051 
12.975 
12.927 
12.903 
12.829 
12.773 
12.742 
12.689 
12.446 
12.415 
12.270 
12.155 
12.126 
12.073 
11.982 
11.837 
11.828 
11.762 
11.670 
11.663 
11.518 
11.507 
11.538 
11.336 
11.164 
10.983 
10.981 
10.600 
10.586 
10.176 
10.172 
9.714 
9.696 
9,157 
9.144 
8.858 
8.825 
8.469 
8.458 
8.022 
8.020 
72459 
72450 
7.146 
6. 756 
6.488 
62485 
6.080 
6-082 
52669 


14.146 


61 


kg/m 


604.59 
603 695 
597.92 
596.04 
591.12 
587.17 
585.06 
580.71 
578.56 
576247 
515249 
572.14 
570205 
568.98 
565.70 
563 «27 
561.87 
559253 
548 .84 
547247 
541.07 
536201 
534.72 
532.40 
528.37 
521.97 
521.58 
518.68 
514-61 
514.30 
507.93 
507.43 
499.97 
499.90 
492.530 
484.30 
484.23 
467.44 
466.81 
448.73 
448.56 
428.36 
427.57 
403.78 
403.22 
389.74 
389.16 
373045 
372.97 
353.175 
353 266 
328.90 
328.52 
315212 
297.92 
286.10 
285.97 
268.10 
268.20 
250.00 


623.80 


Density (calc) 
kg/m> 


604.76 
603.33 
598.12 
595.69 
591637 
587.01 
585651 
580. 10 
578-90 
576224 
57574 
57245 
570255 
569-14 
5650/8 
563-02 
561.44 
559-03 
548.44 
548.24 
541-82 
555280 
53525 
532.78 
528.55 
521.90 
521.65 
519.05 
514.57 
514.50 
507.84 
507.30 
499.81 
499.74 
492.06 
484.04 
484.04 
467.07 
467.01 
448.40 
448.34 
427.50 
427.41 
403.28 
403.209 
389.22 
389.01 
373.16 
372.95 
354.02 
353-81 
329.17 
328.93 
315.75 
298.45 
287.23 
286.54 
269 686 
268.67 
253299 


621.07 


Diff. 


dp) /dT 
kg/ (m3 «K ) 


~1.0989 
-1.1020 
1.1138 
-1.1196 
-1.1303 
-1.1418 
-1.1464 
-1.1611 
-1.1647 
-1.1726 
-1.1742 
-1.1844 
-1.1905 
=1.1951 
-1.2063 
1.2159 
-1.22215 
-1.2301 
-1.2709 
SOCAL dl 
-1.2987 
-1.23255 
-1.3281 
-1.35396 
- 1.3601 
-1.3939 
-1.235952 
-1.4090 
-1.43357 
-1.4341 
-1.4729 
-124762 
=e D252. 
-1.5236 
-1.5757 
-1.6345 
-1.6345 
-1.7764 
-1./7769 
-1.9663 
-1.9670 
-2 ©2360 
=2.25735 
-2 6587 
-2.6626 
-2.9840 
-2.9894 
-3.4619 
-3.4691 
-4.2536 
-4.2645 
-5.9214 
-5 9427 
-725726 
-10.3851 
-13.6269 
-13.8779 
-23.3214 
-24.3714 
-47.1839 


-1.0676 
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Data sources and 


1D numbers: 


Table 2. 


(Continued). 


(1)Maass, (2)Van der Vet, (3)NGAA, (4)Sage, (6)Reamer, (7)Clegg, 


(8)Francis, (i1)Seeman, (12)Helgeson, (13)Klosek, (14)Shanata, (15)Jensen, (16)Sliwinski, 
(17) Tomlinson, (18)Kahre, (19)Rodosevich, (20)Haynes, (21)Deschner, (22)Orrit, (23)McClune, 
(24)Ely, (25)Thomas, (34)Carney, (36)Dana. 


Weight 


0.000 
0.000 
0.000 
0.000 
0.2000 
0.000 
0.000 
0.2000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
02000 
02000 
0.000 
0.000 
0.2000 
0.000 
0.000 
0.000 
02000 
0.000 
0.2000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.2000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 


Tempe 
K 


204.850 
209.950 
213.650 
214.2450 
219.850 
225.2200 
227.2250 
230.750 
2342450 
238.800 
243.2050 
248.650 
283-4150 
293.150 
298.150 
303.150 
308-150 
3136150 
318.150 
323.150 
230-706 
2332928 
2382539 
241.817 
245.817 
248.594 
252-761 
2550572 
2552483 
266.483 
277-2150 
288.706 
299.817 
310.928 
322.039 
3336150 
293.928 
301.094 
307.483 
3132317 
318.594 
3230371 
3272928 
332.2094 
3362094 
339.2872 
343.485 
346.928 
350.094 
3532094 
3552872 
558.594 
361.261 
363-761 
366.261 
368.761 
3132480 
324 480 
3322040 
339-590 
346-430 
3522/10 


(ToT) /(T -T +) 


228021 
256228 
2 34927 
224645 
© 52746 
2 90865 
250144 
048913 
247612 
246083 
244588 
042619 
230487 
026971 
025213 
023455 
221696 
219958 
e 18180 
216422 
048929 
047796 
046174 
045022 
245615 
242639 
041173 
040255 
240216 
236348 
232597 
228534 
024627 
e20719 
2 16812 
212905 
226697 
224178 
221931 
219879 
2 18024 
2163544 
2 14742 
e13277 
211870 
e 10542 
209272 
208060 
206947 
205892 
204915 
005958 
° 05020 
002141 
201262 
000383 
« 19822 
2 15954 
e 13296 
° 10641 
208235 
206027 


Density (expt) 


mol/L 


13.888 
13.749 
13.656 
13.636 
13.509 
13.361 
13.309 
13.223 
13.114 
13.005 
12.892 
12.733 
11.679 
11.348 
11.178 
10.994 
10.813 
10.608 
10.409 
10.182 
13.203 
1Seiiz 
12.992 
12.903 
12.815 
12.713 
12.599 
12.522 
12.520 
12.209 
11.883 
11.504 
11.125 
10.708 
10.273 

9.783 
11.405 
11.143 
10.899 
10.675 
10.465 
10.276 
10.088 

9.903 

9.705 

9.504 

9.298 

9.088 

8.884 

8.668 

8.456 

82228 

7.973 

7.708 

7.406 

7.009 
10.609 
10.141 

9.778 

9.395 

8.975 

8.524 


62 


kg/m3 


612-40 
606630 
602.20 
601.30 
595.270 
589 20 
586.90 
583.10 
578.50 
573.50 
568.50 
561.50 
515.00 
500.40 
492.90 
484.80 
476.80 
467.80 
459.00 
449.00 
582.20 
578240 
572-90 
569-200 
565.10 
560.60 
555-60 
552020 
552.10 
538-40 
524.00 
507230 
490.60 
472.20 
453.00 
431.40 
502-93 
491.36 
480.60 
470672 
461249 
453214 
444 284 
436.71 
427.96 
419.11 
409.99 
400.76 
391.75 
382.21 
372.87 
362 82 
351.59 
339.88 
32658 
309.06 
467.82 
447.20 
431.19 
414.31 
395.75 
375.88 


Density (calc) 


kg/m3 


610.41 
604.84 
600.75 
599.87 
593.84 
587.78 
585644 
581.41 
577.10 
571.98 
566.90 
560. 10 
514.57 
499.81 
492.06 
484.04 
475.10 
467.01 
457.291 
448.34 
581.46 
57767) 
512029 
568.6 38 
56356 
560.17 
555202 
551-76 
551262 
53746 
523.04 
506.48 
489.42 
470.92 
450.52 
427.41 
498.62 
487.37 
476283 
466.72 
457.09 
447.91 
438.68 
429.75 
420.67 
411.54 
402.20 
392.61 
383.04 
37314 
363.02 
35189 
339-53 
325.19 
306.88 
276285 
466.43 
445.71 
429.87 
412.25 
394.04 
374.46 


Diititce 


d Py /dT 
kg/ (m3 eK ) 


-1.0872 
-1.0987 
= lie OW 
-1.1097 
-1.1241 
=1.1397 
-1.1461 
-1.1574 
-1.1700 
-1.1859 
-1.2026 
-1.2263 
-1.4337 
=)e9252 
i) O/B) 
1.6345 
-1.7010 
-1.7769 
-1.8645 
-1.9670 
~1.1572 
1.1682 
-1.1849 
=1. 1976 
-1.2140 
-1.2260 
-1.2451 
-1.2577 
- 1.2582 
-1.3180 
-1.3879 
-1.4812 
-1.5945 
-1.7418 
-1.9427 
-2.2373 
-1.5310 
-1.6094 
-1.6916 
-1.//96 
-1.8729 
-1.9719 
-2.0831 
-2 22035 
~-2.25410 
~2.4978 
-2.6811 
-2 8988 
-3. 1522 
-3..4624 
-3.8440 
4.3622 
-5.1198 
-6.2966 
-8.7034 


-18.35934 


-1.7822 
-1.9973 
-2.22016 
-2.24850 
-2.8642 
-3.4178 


D 
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Data sources and 


{1D numbers: 


Table 2. 


(Continued). 


(1)Maass, (2)Van der Vet, (3)NGAA, (4)Sage, (6)Reamer, (7)Clegg, 


(8)Francis, (11)Seeman, (12)Helgeson, (13)Klosek, (14)Shana'ta, (15)Jensen, (16)Sliwinski, 
(17)Tomlinson, (18)Kahre, (19)Rodosevich, (20)Haynes, (21)Deschner, (22)Orrit, (23)McClune, 
(24)Ely, (25)Thomas, (34)Carney, (36)Dana. 


Weight 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
9.000 
0.000 
0.000 
9.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
9.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Temp. 
K 


358.260 
363.590 
368370 
323.150 
335.150 
3432150 
348. 150 
3532150 
358.150 
365.4150 
368.6 150 
295.150 
278. 160 
283.140 
286. 150 
289.160 
293.150 
295-150 
297.150 
299.180 
2772594 
283.150 
288.706 
294.261 
299.817 
305-372 
310.928 
316.483 
322.059 
327.594 
333-150 
338 6/06 
344.261 
349.817 
35552372 
360.928 
88.706 
94.261 
99.817 
105.2372 
110.928 
116483 
122.039 
127.594 
133.150 
93.2150 
103.150 
113.150 
123. 150 
133-150 
278.150 
283.2150 
288. 150 
293.150 
298.150 
303.150 
308.150 
313-150 
2772550 
288.750 
299.850 
310.950 


(Te T)/ (TT 4) 


204076 
202201 
° 00526 
° 16422 
2 12905 
209389 
207651 
205872 
204114 
202556 
° 00598 
226971 
252242 
250491 
229432 
228574 
226971 
226268 
025564 
224851 
052441 
230487 
° 28534 
226580 
0 24627 
222673 
020719 
218766 
2 16812 
2 14859 
2 12905 
210952 
208998 
07044 
205091 
203137 
2 98862 
296909 
2094955 
093002 
291048 
289095 
087141 
285187 
085234 
09/299 
2937835 
290267 
286750 
083234 
052246 
230487 
228729 
226971 
025213 
025455 
°21696 
2 19938 
252457 
028518 
24615 
020712 


Density (expt) 


mol/L 


8.036 

7.471 

6.632 
10.150 

9.550 

8.980 

8.630 

8.300 

7.860 

7.320 

6.410 
11.350 
11.851 
11.686 
11.586 
11.482 
11.342 
11.271 
11.200 
11.125 
11.891 
Monae 
11.532 
11.345 
11.139 
10.935 
10.722 
10.484 
10.241 

9.985 

9.713 

9.423 

9.095 

8.697 

8.235 

7.757 
16.542 
16.420 
162296 
16.168 
16.042 
15.914 
15.787 
15.656 
15.525 
16.446 
16.212 
15.967 
15.743 
15.516 
11.835 
11.679 
11.513 
11.345 
Mota 
10.989 
10.803 
10.608 
11.850 
11.491 
112110 
10.696 
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kg/m3 


554.37 
329.46 
292.45 
447.59 
421.13 
395.99 
380.56 
366.01 
346.60 
322.19 
282.66 
500.50 
522.60 
515-50 
510.90 
506.30 
500.15 
497.00 
493.90 
490.60 
524.54 
516.73 
508.52 
500.27 
491.21 
482.19 
472.80 
462.29 
451.60 
440.31 
428.30 
415.52 
401.06 
383.249 
363215 
342.06 
729.45 
724.07 
718.61 
712.95 
707239 
701276 
696.16 
690237 
684.62 
725.20 
714.90 
704.10 
694.20 
684 220 
521.90 
515.00 
507.70 
500.30 
492.60 
484.60 
476.40 
467.80 
522695 
506.70 
489.90 
471.65 


Density (calc) 


kg/m> 


553034 
526.26 
283.55 
448.34 
427.41 
403.09 
389.01 
SIZ 
353.81 
328 93 
286.54 
499.81 
521.263 
514.59 
510.24 
505.81 
499.81 
496.74 
493.63 
490.43 
52242 
514.57 
506.48 
498.11 
489.42 
480.57 
470.92 
461.00 
450.52 
439.57 
427.41 
414.43 
400.10 
383.91 
364.92 
341.01 
730.00 
724 30 
718.62 
712.96 
70752 
701.268 
696.05 
690.43 
684.81 
725244 
715022 
705-06 
694.93 
684 81 
521.265 
514.57 
507.30 
499.81 
492.06 
484.04 
475.70 
467.01 
522.48 
506-41 
489.57 
470.88 


Diff. 
b 


229 
098 
3.21 
Oe 
-1.47 
-1.76 
=Ze lil, 
-1.86 
-2.04 
-1.87 
-1.35 
014 
019 
014 
SNe) 
210 
o07 
005 
005 
203 
e357 
042 
40 
043 
057 
058 
240 
228 
024 
OZ 
21 
5T/ 
024 
~e 1 1 
-.49 
soil 
-.08 
-.03 
-.00 
-.00 
201 
001 
202 
-.01 
-.03 
-.03 
-.05 
-. 14 
e 10 
-.09 
205 
208 
208 
210 
ot 
012 
015 
el7 
201 
206 
ell 
216 


dPp/dT 
kg/(m3eK) 


-4.2880 
-6.1918 
-15.1457 
-1.9670 
-2.2373 
-2 .6626 
-2.9894 
-3.4691 
-4.2645 
-5 9427 
-13.8779 
=i ZZ 
= 155955 
-1.4336 
-1.4587 
-124853 
-1.25232 
-1.5435 
-1.5647 
-1.5872 
-1.35911 
-1.4337 
-1.4812 
-1.5344 
-1.5945 
-1.6630 
-1.7418 
-1.8338 
-1.9427 
-2.0742 
=2 32355. 
-2.4461 
-2.7261 
-3.1274 
-3./665 
-5.0051 
-1.0284 
-1.0242 
-1-0206 
-1.0176 
-1.0153 
-| 20136 
-1.0125 
-1.0121 
-1.0123 
~1.0250 
-1.0188 
-1.0145 
-1.0123 
-1.0123 
-125952 
-1.4337 
-1.4762 
-1.5232 
-1.5757 
-1.6345 
-1.7010 
-1./7769 
-1.3908 
-1.4816 
-1.5949 
-1.7422 


Data sources and 


1D numbers: 


Table 2. 


(Continued). 


(1)Maass, (2)Van der Vet, (3)NGAA, (4)Sage, (6)Reamer, (7)Clegg 


(8)Francis, (11)Seeman, (12)He!geson, (13)Klosek, (14)Shanata, (15)Jensen, (16)Sliwinski, 
(17)Tomlinson, (18)Kahre, (19)Rodosevich, (20)Haynes, (21)Deschner, (22)0rrit, (23)McClune, 
(24)Ely, (25)Thomas, (34)Carney, (36)Dana. 


1D Weight 
18 0.000 
20 0.000 
21 0.000 
21 0.000 
21 0.000 
Zi 0.000 
21 0.000 
21 02000 
21 0.000 
21 0-000 
2) 0.000 
ZA 0.000 
21 0.000 
21 0.000 
21 0.000 
21 0-000 
34 0.000 
34 0.000 
34 0.000 
34 0.900 
34 0.000 
34 0-000 
34 0.000 
34 0.000 
34 0.000 
34 02000 
34 0.000 
34 0.2000 
36 0.000 
36 0.000 
36 0.000 
36 0-000 
56 0-000 
36 0.000 
36 0.000 
36 0.000 
36 0.000 
36 0-000 
36 0.000 
56 0.000 


Tempe 
K 


3272550 
288 706 
303. 150 
308.150 
313-150 
318.150 
323.150 
328.150 
333.2150 
338.150 
343.150 
348.150 
353.6150 
358.150 
363.150 
368 6150 
227.594 
255150 
238 706 
244.261 
249.817 
255.3712 
266.483 
277.2150 
288.706 
310.928 
322.039 
333.2150 
275.150 
2782150 
283.150 
290.2150 
293-2150 
297-2150 
300. 150 
3152150 
321.2150 
323.2150 
327-150 
329.150 


(Te-T)/ (TT 4) 


2 14874 
228534 
225455 
21696 
2 19938 
- 18180 
2 16422 
2 14663 
2 12905 
011147 
209389 
007651 
205872 
004114 
202356 
200598 
2 50025 
248069 
046116 
044162 
242209 
040255 
» 536348 
° 32597 
228534 
e20719 
2 16812 
° 12905 
2 534004 
0532246 
230487 
028026 
226971 
025564 
224509 
019235 
217125 
216422 
215015 
014312 


Density (expt) 


mol/L 


9.941 
11.479 
11.017 
10.851 
10.692 
10.500 
10.302 
10.075 

9.842 

9.570 

9.252 

8.896 

8.527 

8.078 

72529 

6.644 
13.284 
13.2139 
12.990 
12.835 
12.681 
12.522 
12.209 
11.883 
11.504 
10.708 
10.273 

9.785 
12.033 
11.878 
11.2720 
11.482 
11.389 
11.248 
11.153 
10.577 
10.091 
10.232 
10.046 

9.958 


kg/m 


438.35 
506.19 
485.82 
478.50 
471.49 
463.02 
454.29 
444.28 
434.00 
422.200 
408.00 
392.30 
376200 
356220 
332.200 
293 200 
585.80 
579.40 
572.80 
566-00 
559220 
552620 
538.40 
524.00 
507.30 
472.20 
453.00 
431.240 
530.60 
523.80 
516.80 
506.30 
502.220 
496.00 
491.80 
466.40 
445.00 
451220 
443.00 
439.10 


Density (calc) 
kg/m 


439.46 
506.48 
484.04 
475270 
467.01 
457.91 
448.34 
438.21 
427.41 
4152/8 
403.09 
389.01 
372.95 
353081 
328.93 
28654 
585.04 
57862 
512.09 
565.44 
558.67 
551276 
537.46 
523204 
506.48 
470.92 
450.52 
427.41 
528.53 
521265 
514.57 
504.33 
499.81 
493 063 
488.89 
46343 
452.23 
448.34 
440.29 
436011 


Number of data points used in fit = 120; rms density deviation = 0.074%. 
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Ditties 


dP, /dT 
kg/ (m3 6K ) 


-2.073) 
-1.4812 
-1.6545 
-1.7010 
~1.7769 
-1.8645 
-1.9670 
-2 .0890 
-2.2575 
-2 4226 
-2.6626 
-2 09894 
-3.4691 
-4 22643 
-35.9427 
-13.8779 
-1.1471 
-1.1655 
-1.1856 
-1.2075 
-1.2515 
SoAaiy 
-1.5180 
-1.3879 
-1.4812 
-1.7418 
-1.9427 
-2.23735 
-1.3601 
-1.3952 
-124537 
-1 24944 
-1 e 5232 
~1.5647 
- 1.5984 
-1.8103 
=1/39259 
-1.9670 
-2.0627 
-2.11635 
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Table 4. Comparisons of virial coefficients with eq (5). 
Second virial coefficients of propane 
Data sources and ID numbers (1)McGlashan, (2)Kapallo, (3)Dymond/Smith, (4)Strein, (5)Hahn 


(7)Gunn, (8)Brewer, (9)Beattie, (10)Bottomley, (11)Cherney, (12)Deschner, (13) Jessen, 
(14)Kretschmer, (15)Reamer, (16)Sage. 


jw] 


WON PH OAWUWANWWNUONWLU 


Weight Tempe T/T. B B (expt) B-(calc) Dittitire 
K cm /mo | 
2146 211.300 SOAS -844.00 -4.2200 -4. 1843 -.0357 
2464 231.200 06251 -680.00 -3.4000 -3.4051 20051 
2095 244.000 26597 -610.00 -3.0500 -3.0159 -.0341 
2418 248.150 26709 -579.00 -228950 2.9043 20093 
Aa BY: 251.500 6800 -567.00 -2 28350 -2.8188 -.0162 
2470 260.000 - 7030 -526.00 -2.6300 -2.6184 -.0116 
2209 270.000 -7300 -478.00 -2.3900 -2.4093 00193 
2082 273.000 0/7381 -477.00 -2.3850 -2.3516 - 0334 
oT 273.150 0/385 -468.00 -2.3400 -2.3488 0088 
2976 273.160 - 7386 -470.00 -2.3500 -2.3486 -.0014 
0224 273.800 2/403 -471.00 -2.3550 -2 .3366 -.0184 
°206 285-000 27/06 -424.00 -2.1200 -2. 1406 20206 
2012 294.270 0/956 417.56 -2.0878 -1.9966 -.0912 
2029 2952210 2 7982 -407.90 -2.0395 - 1.9828 -.0567 
e274 295.400 2/987 399.00 -1.9950 -1.9801 -.0149 
0434 296 - 100 2 8006 -396.00 -1.9800 -1.9699 -.0101 
«526 297.000 ~8030 -394.00 -1.9700 -1.9570 -.0130 
2995 298 - 150 28061 -388.00 -1.9400 -1.9407 20007 
0359 300.000 soul -380.00 -1.9000 -1.9149 0149 
2059 303.160 8197 -382.04 -1.9102 -1.8719 -.0383 
2039 303.160 08197 -384.00 -1.9200 -1.8719 -.0481 
-009 303.160 28197 -395.200 -1.9750 -1.8719 -. 1031 
2225 306.500 8287 -369.00 ~1.8450 -1.8281 -.0169 
2818 308.000 ° 8328 -360.50 -1.8025 -1.8089 0064 
2012 310.900 08406 -335.80 1.6790 -1.7727 20937 
0511 310.946 - 8407 -335.49 -1.6775 -1.7722 20947 
2007 310.940 28407 -330.00 -1.6500 -1.7722 e222. 
2005 310.940 ~8407 -381.80 -1.9090 -1.7722 -. 1368 
3210 315.2000 08517 -341.00 -1.7050 -1.7232 00182 
870 317-600 28587 -339.00 - 1.6950 -1-6930 - 0020 
2043 321.000 28679 -340.00 1.7000 -1.6546 -.0454 
o214 323.160 28738 -329.62 -1.6481 -1.6308 -.0173 
2866 323.160 08738 -325.00 -1.6250 -1.6308 0058 
2064 327.600 28858 -324.00 -1.6200 - 1.5836 -.0364 
2053 327-600 28858 -305.44 -1.5272 -1.5836 20564 
2 036 327.600 28858 -306.00 -1.5300 -1.5836 20536 
2003 327.600 08858 ~353.45 -1.7673 -1.5836 -. 1836 
2671 330.000 - 8923 -310.00 -1.5500 -1.5589 °0089 
3255 332.900 -9001 -309.00 -1.5450 -1.5298 -.0152 
525 337.800 29133 -299.00 -1.4950 -1.4825 -.0125 
2191 344.270 29308 -280.15 -1.4008 -1.4232 20224 
2230 344.270 29308 -280 60 - 1.4030 -1.4232 20202 
2004 344.270 29308 -316.71 -1.5836 -1.4232 -. 1604 
0216 344.300 29309 -280.40 -1.4020 -1.4229 20209 
2207 347.900 29407 -274.00 -1.3700 -1.3914 0214 
2029 348. 160 29414 -289.13 -1.4457 -1.3892 -.0564 
2016 348.160 29414 -293.00 -1.4650 -1.3892 -.0758 
901 350.000 29463 -275200 -1.3750 -1.3735 -.0015 
e285 353.800 29566 -271.20 -1.3560 -1.3420 -.0140 
2242 357.900 29677 -265.00 . -1.3250 -1.3091 -.0159 
2897 360.940 29759 -256.06 -1.2803 -1.2854 20051 
2999 360.940 09759 -256.80 -1.2840 -1.2854 20014 
2005 360.940 09759 -283.74 1.4187 -1.2854 -. 1333 
515 368.200 ©9955 -244.00 -1.2200 -1.2314 20114 
0461 369.970 1.0003 -245.58 -1.2279 -1.2187 -.0092 
014 369.970 1.0003 -260.00 -1.3000 -1.2187 -.0813 
2326 373-160 1.0089 -241.82 -1.2091 -1.1963 -.0128 
2058 373.160 1.0089 -247.00 -1.2350 -1.1963 -.0387 
2/34 373.160 1.0089 -240.15 -1.2008 -1.1963 -.0045 
2075 373.160 1.0089 -245.98 -1.2299 -1.1963 - 0336 
0014 373.160 1.0089 -256.00 -1.2800 -1.1963 -.0837 
2 248 373.400 1.0096 -242.10 -1.2105 -1.1946 -.0159 
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Table 4. (Continued). 
Second virial coefficients of propane 
Data sources and ID numbers: (1)McGlashan, (2)Kapallo, (3)Dymond/Smith, (4)Strein, (5)Hahn, 


(7)Gunn, (8)Brewer, (9)Beattie, (10)Bottomley, (11)Cherney, (12)Deschner, (13) Jessen, 
(14)Kretschmer, (15)Reamer, (16)Sage. 


1D Weight Temp. Wile B B-(expt) B,(calc) Dibtitie Diff. 
K cm /mo | % 
5 0923 375.000 1.0139 -237.00 -1.1850 -1.1836 -.0014 -.12 
7 23510 377.600 1.0210 -235.90 -1.1795 -1.1661 -.0134 -1.15 
15 0492 3772600 1.0210 -234.95 -1.1748 -1.1661 -.0087 -.74 
15 2 586 377.600 1.0210 -234.60 -1.1730 -1.1661 - 0069 59 
16 °008 377.600 1.0210 -254.72 -1.2736 -1.1661 -.1075 -9.22 
1 o218 377.700 1.0212 -229.00 -1.1450 -1. 1654 00204 lov 
12 »266 380-960 1.0300 -225218 =1.1259 -1.1439 0180 1.57 
1 - 100 388 .500 1.0504 -213.00 -1.0650 -1.0963 20313 2.85 
4 °/09 394.000 1.0653 =—2 1S iO -1.0685 -1.0633 -.0052 -.49 
9 - 908 398 - 160 1.0765 -208.26 -1.0413 -1.0392 -.0021 -.20 
9 260 398. 160 1.0765 -211.00 -1.0550 -1.0392 -.0158 -1.52 
11 2959 398.160 1.0765 -207.21 -1.0361 -1.0392 -0031 30 
12 2460 398.160 1.0765 -209.79 -1.0490 -1.0392 -.0098 -.94 
12 2015 398. 160 1.0765 -224 00 -1.1200 -1.0392 -.0808 -7.78 
3 2952 400.000 1.0815 -206.00 -1.0300 -1.0288 -.0012 -.12 
1 . 169 400. 100 1.0818 -201.00 -1.0050 -1.0282 00232 2.26 
15 2125 410.940 Weatkati1 -199.07 -.9954 -.9697 -.0256 -2.64 
15 - 106 410. 940 Tov -199.60 -.9980 -.9697 — 0283 -2.92 
4 2987 413.800 1.1188 -191.10 -.9555 -.9551 -.0004 -.05 
9 2987 423.160 1.1441 - 181.48 - 9074 - 9090 -00 16 - 18 
9 -/06 423.160 1.1441 -183.00 -.9150 -.9090 -. 0060 -.65 
12 iia 423.160 1.1441 -187.36 - 9368 - .9090 -.0278 ~3.05 
12 2017 423.160 1.1441 -197.00 -.9850 -. 9090 -.0760 -8.36 
3 2914 430.000 1.1626 -176.00 - 8800 -.8773 -.0027 -.31 
4 1.000 433.100 1.1710 ~172.60 -. 8630 -.8633 20003 204 
15 2147 444.270 1.2012 -167.93 - 8397 - 28155 -.0241 -2.96 
15 2125 444.270 1.2012 -168.40 8420 -.8155 -.0265 -3.25 
7 2207 444.300 12015 -167.00 --8350 -.8154 -.0196 -2.41 
9 ° 903 448.160 1.2117 -159.30 -./965 -./996 -0031 039 
9 2999 448.160 1.2117 -160.00 -. 8000 -» 1996 -.0004 -.04 
4 »953 453.500 1.2262 - 156.20 -./810 -./785 -.0025 2352 
3 2909 470.000 1.2708 -143.00 -./150 -.7175 -0025 055 
9 - 669 473.160 1.2793 -140.04 - 7002 -./065 20063 89 
9 °400 473.160 1.2793 -139.00 -.6950 -. 7065 00115 1.62 
12 - 100 473.160 1.2793 -147.44 -./372 - 7065 - 0307 -4.35 
12 2021 473.160 1.2793 ~155.00 =i 50 -. 7065 -.0685 -9.70 
4 2985 474.900 1.2840 - 140.00 - 7000 -.7005 0005 007 
13 3115 477.600 1.2913 141.40 -./070 -.6914 -.0156 -2 .26 
15 °241 477.600 1.2913 - 142.00 -.7100 - 6914 -.0186 -2.70 
4 0971 493.300 1.3338 -128.10 -.6405 -.6410 20005 207 
9 0297 498. 160 1.3469 -122.45 -.6123 - 6262 20140 2.23 
9 2163 498.160 1.3469 -121.00 - 6050 -.6262 20212 3.39 
3 2658 500.000 135519 - 123.00 -.6150 - 6208 20058 093 
7 187 510.900 1.3814 -117.20 - 5860 -. 5895 20035 259 
15 1.000 510.940 1.3815 -118.19 -.5910 - 5894 -20016 -.27 
15 -868 510.940 joist 5 -119.00 -.5950 -.5894 -.0056 =.95 
8) 2471 523.160 1.4145 -109.57 - 25479 - 05564 - 0086 1.54 
9 2356 523. 160 1.4145 -109.00 -.5450 -.5564 20114 2.05 
12 2902 526.380 1.4232 -110.70 = D959 - 5481 - 0054 -.99 
12 -490 526.380 1.4232 -108.00 -.5400 -.5481 20081 1.48 
9 - 498 548.160 1.4821 -97.55 - 4878 - 24952 20074 1.50 
9 »240 548.160 1.4821 -96.00 -. 4800 -.4952 20152 3.06 
3 0574 550.000 1.4871 -97.00 24850 -.4910 -0060 1.21 
12 2511 570-460 1.5424 -91.89 24595 -.4465 -.0129 -2.90 
12 ° 821 570-460 1.5424 -89.00 - 24450 -— 24465 20015 234 
12 2040 609.320 1.6475 -85.19 -.4260 23728 -.0532 -14.26 


Number of data points = 118; rms deviation = 1.20%. 
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Table 4. (Continued). 
Third virial coefficients of propane 
Data sources and ID numbers: (1)McGlashan, (2)Kapallo, (3)Dymond/Smith, (4)Strein, (5)Hahn, 


(7)Gunn, (8)Brewer, (9)Beattie, (10)Bottomley, (11)Cherney, (12)Deschner, (13) Jessen, 
(14)Kretschmer, (15)Reamer, (16)Saqe. 


1D Weight Temp. TAN C CC expt) Caicailie) Diff. 
K (cm3 /mol) 2 

16 002 294.270 ° 1/956 -10510. -.2628 -2.4978 202350 
12 2163 303.160 08197 -62760- -1 .5690 -{ -7060 21370 
15 e469 310.940 ° 8407 -54120. -1.3530 -1.1762 -.1/768 
15 2065 310.940 28407 -65000. -1.6250 =e 762 -.4488 
16 2 006 310.940 2 8407 8616 20215 -1.1762 1.1977 
11 1/55 323.160 08738 -22470. -.5618 =e DIAL 20094 
15 2329 327.600 28858 -23530. - 65885 - 4044 -.1838 
13 325 327.600 8858 -14000. - 5500 -.4044 00544 
16 20035 327.2600 °8858 59710. 1.4928 -.4044 1.8972 
15 0/22 344.270 29308 —172Ddi6 - 0431 ©0416 -.0848 
15 ©912 344.270 ° 9308 2000. °0500 ©0416 ©0084 
16 2009 344.270 29308 42550- 1.0638 20416 1.0221 
1 2025 348.160 09414 29980. 2/495 01141 06354 
15 0523 360.940 ©9759 7413-6 ° 1853 02921 -.1068 
13 2837 360. 940 ©9759 13000. 23250 2292) 20329 
16 0052 360-940 09759 28280 » «7/070 2921 24149 
9 0417 3692970 1.0003 194506 24863 25751 o1112 
ig) 0997 373.160 1.0089 15890. 05973 25978 -.0006 
11 2576 373-160 1.0089 19120. 24780 25978 20802 
12 0556 373-160 1.0089 19260. 4815 25978 20837 
ID 2453 377600 120210 12430. 25108 04247 -e1140 
2) 207 377-600 1.0210 9000. 02250 4247 -.1997 
16 0/51 377.600 1.0210 14520. ° 5630 04247 - 0617 
12 0967 380-960 1.0300 18290. 04573 4417 00155 
9 469 398.160 1.0765 15550. - 53888 ©4940 -.1053 
11 658 398.160 1.0765 16920. 24230 4940 -.0710 
2 °696 398.160 1.0765 17160. 24290 24940 - 0650 
iS 992 410.940 121111 20000. 25000 25060 - 0060 
15 e426 410.940 1.1111 25000. ° 6250 25060 21190 
9 35907 423.160 1.1441 14960. 25740 25039 -.1299 
12 0563 423.160 1.1441 16800. 24200 25039 - 00839 
15 2995 444.270 1.2012 19190. 04798 04817 -.0020 
15 564 444.270 122012 23000. 25750 ©4817 20953 
SS) 0425 448.160 1.2117 14610. 25653 24760 -.1108 
9 2607 473.160 1.2795 14370. 03593 04339 -.0747 
12 0/74 473.160 1.2795 15430. 25858 4339 --0482 
15 0957 477.600 1.2913 18120. 04530 04259 20271 
15 0535 477.600 1.2913 21000. 25250 ©4259 0991 
9 0689 498.160 12-3469 13090. 03273 25887 -.0615 
15 877 510.940 1.3815 163656 24091 2 5662 ©0429 
U2) 0195 510.940 1.3815 23000. 05750 2 5662 -2088 
9 910 523.160 124145 12780- 03195 253456 - 0261 
12 1-000 526 «380 1.4232 13840. 25460 23405 ©0057 
9 2998 548.160 1.4821 12630. 25158 2 3065 ©0092 
12 2900 570-460 1.5424 12540. SD 02/57 0378 
2 1.000 609.320 1.6475 9373. 02343 02305 20038 


Number of data points = 46. 
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0/P¢ 


210 
°20 
250 
40 
250 
60 
~/0 
280 
290 
1.00 
1.10 


1-20 ~ 


1-30 
1-40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2-40 
2-50 
2.60 
2270 
2.80 
2290 
3.00 
3.10 
3.20 
3.30 
340 


Table 5. 


To 
K 


300.609 
328.350 
344.408 
354.668 
361 2308 
365 2501 
367.994 
369.291 
369.780 
369.850 
369.774 
369.305 
368.143 
366.050 
362.845 
358-390 
352.604 
3452429 
336837 
326.818 
315.574 
302.518 
288.274 
272 -683 
255 2802 
CSUOUVES 
218.534 
198.415 
1772545 
156.139 
134.2434 
112.662 
91.042 
69. 762 


Behavior of coefficients of equation of state for 


propane (eq (6))-. 


C) 
K 


283.690 
315259 
335.148 
348.633 
SIO USM 
365647 
3672205 
369.056 
369.2750 
369.850 
369.2745 
369.071 
3672354 
364.193 
559.257 
352-291 
343.125 
3312657 
317.879 
301.853 
283.721 
263 6 703 
242.095 
219-261 
195.627 
171-671 
147-900 
124.827 
102.943 
82 6685 
64.4053 
48.340 
34.622 
23256 


3.2178 
FeOods 
Se9250 
4.1048 
4.2055 
4.2418 
4.247 
402414 
4.2046 
4.1160 
3.9624 
3.7385 
3.4467 
3.0963 
2-/015 
2.2806 
1.8536 
1.4411 
1.0625 
2/342 
04677 
° 2686 
1346 
200562 
20183 
©0042 
©0006 
0000 
20000 
20000 
©0000 
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B(p) 


-45809 
°46283 
047075 
°481 82 
«49606 
051347 
053404 
095777 
258467 
061473 
264796 
268435 
2/2391 
e /6663 
081251 
086157 
291378 
296916 
1.02770 
1.08941 
1.15428 
1622232 
1.29352 
1.36789 
1.44542 
1252612 
| .60998 
1.69700 
1.78719 
1.88054 
1297706 
2207674 
Ze 1959 
2.28560 


C(p) 


- 46999 
-. 39609 
-.32679 
- «26259 
- 20390 
-.15101 
-.10413 
- 06335 
~.02867 
0.00000 
202285 
004013 
205219 
205939 
06220 
006107 
°05650 
204902 
003913 
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001414 
200000 
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Beattie [2] 
Deschner [22] 
Cherney [14] 
Reamer [73] 
Dawson [21] 
Dittmar [23] 
Tomlinson [98] 
Ely [25] 
Teichmann [94] 
Warowny [102] 
Haynes [42] 
Thomas [95] 
isochores 
isotherms 
Virial equation 


(this report) 


Total number of points used 


Overall rms density deviation = 
Overall mean pressure deviation 


Table 7. 
with eq (6). 

eee _ Range of Data _ 

T(K) P(MPa) 
369-548 2.4 - 31.0 
303-609 Ose=" 1452 
323-398 Hoi) to ico) 
311-511 0.1 - 69.0 
243-348 0.05- 0.1 
273-413 1.0 -103.5 
278-328 1.06- 13.8 
166-324 0.26- 42.8 
323-573 2-7/- 60.9 
373-423 O05 - 6.4 

90-300 0.6 -— 37.25 
370-623 2.0 - 40.0 
258-370 OR6) = 35i.,/ 
270-600 OF4S— 0 

in fit = 1946 
0.76% 
2.41% 


Comparisons of experimental 


Summary of P-P-T data comparisons. 


0 (kg/m3)_ 


44-44] 
1-418 
17-114 
1-576 
5) 
320-590 
452-530 
508-651 
108-461 
5-170 
493-741 


35-486 
35-549 


8.8 


73 


P-P-T data of propane 


No. of 
Points 


106 
236 
25 
306 
18 
325 
40 
222 
148 
51 
196 


215 
511 


34 


Deviations 


Ap/op,rms 
(%) 


0.46 
1.28 


AP/P ,mean 
(4) 
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Table 7. 


(Continued) 


Data sources and ID numbers: (1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79) Warownye 


Data Weight Temp e Density 
Point expt 
Nos K mol/L kg/m 
1 e100 270.000 «200 8. 82 
2 © 100 280.000 e200 8.82 
3 «100 290.000 ° 200 8.82 
4 2100 300.000 e200 8.82 
5 e100. 310-000 °200 8.82 
6 2100 320.000 e200 8.82 
7 2100 330-000 °200 8.82 
8 «100 340.000 °200 8.82 
9 °100 350-000 e200 882 
10 2100 360.000 °200 8.82 
11 e100 370-000 °200 8.82 
12 2100 380.000 e200 8.82 
13 2100 390-000 ° 200 8.82 
14 »100 400.000 °200 8.82 
15 e100 410.000 °200 882 
16 e100 420.000 e200 8.82 
17 2100 430.000 e200 8.82 
18 2100 440.000 0200 8.82 
19 e100 450.000 e200 8.82 
20 2100 460.000 »200 8.82 
21 e100 470.000 °200 882 
22 °100 480-000 °200 8.82 
25 2100 490.000 «200 8.82 
24 2100 500.000 © 200 8.82 
25 e100 510.000 » 200 8.82 
26 °100 520-000 e200 8.82 
Zi 2100 530-000 e200 8.82 
28 e100 540.000 °200 8.82 
29 °100 550.000 °200 8.82 
30 2100 560-000 2200 8.82 
31 °100 5702000 °200 8.82 
32 2100 580-000 °200 8.82 
55 ° 100 590.000 ° 200 8.82 
34 2100 600.000 2200 8.82 


Density 


calc 


k 


74 


g/m 


8-82 
8.82 
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DHOODOWDWDADADWDDAWDADAADADADMAAWMDMDAM 


WWWWWWBPppp ph HL 


Density 
Diff. 
3 


-.05 
-.06 
-.08 
=eilil 
-.14 
~ol7 
-.19 
mo 21 
-.22 
-.24 
-.24 
= 20) 
-.25 
-.26 
-.26 
=e 25 
-.25 
25 
-.24 
-.23 
023 
22 
- 2) 
-.2| 
-.20 
-.19 
-.18 
-.i/ 
ne by 
-.16 
=eil)D) 
-.14 
-.13 
-.12 


Pexpt 


MPa 


04057 
04242 
04425 
04607 
24787 
04967 
05145 
05325 
25500 
05677 
05853 
26028 
06203 
06378 
06552 
06726 
6900 
0/073 
2 1246 
°/419 
0/591 
e7 764 
e 7936 
08108 
°8280 
08452 
08623 
08795 
°8966 
09138 
09309 
29480 
09651 
09822 


Peale 


MPa 


24055 
04240 
24422 
©4602 
24781 

04959 
25136 
05313 
25489 
05664 
29839 
26014 
-6188 
06362 
06536 
26710 
00885 
e/056 
2/229 
°/402 
0/574 
0/1/47 
2/919 
28092 
28264 
23436 
~8608 
08780 
08952 
09124 
09295 
09467 
29638 
°9810 


Pressure 
Diff. 
4 


004 
005 
208 
210 
eile 
016 
18 
220 
21 

°22 
023 
224 
024 
025 
025 
224 
024 
024 
023 
023 
e22 
022 
JZ 

220 
019 
019 
ois 
el7 
016 
eilt> 
015 
014 
013 
012 


ID 


NNMNNNMNNNNNNNNMNNN NN 


Data sources and ID numbers: 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79)Warowny + 
Data Weltght 
Point 

Noe 
35) 1.000 
36 1.000 
Sy) 1.000 
38 1.000 
39 | .000 
40 1.000 
4\ 1.000 
42 1.000 
43 j .000 
44 1.000 
45 | .000 
46 1.000 
47 1.000 
48 1.000 
49 1.000 
50 1.000 
51 1.000 
Bi? 1.000 


Tempe 
K 


243.2150 
243.150 
258-150 
258.150 
273-150 
273.150 
273.150 
288.150 
288.2150 
288.150 
288.150 
288.150 
323.150 
323.150 
323.150 
523.150 
348.150 
348.150 


Table 7. 


(Continued) 


(1)Virtal Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer , 


Density 
expt 
mol/L kg/m? 
0045 1.99 
2060 2-63 
2060 262 
0045 1.99 
2071 3212 
0045 1.99 
2060 263 
2059 2.62 
2021 091 
2045 1.99 
0071 3212 
0037 1.63 
0037 1263 
2070 3.09 
2021 091 
0045 1.99 
2060 2262 
2045 1.99 


Density 
calc 
kg/m? 


1.99 
2.63 
2263 
1 099 
3212 
1.99 
2.63 
262 

091 
1.99 
3.12 
1.64 
1.64 
310 

291 
1.99 
2.63 
2-00 


75 


Density 
Diff. 
i) 


5h 
-.02 
- 09 
-e11 
-.16 
-.19 
-.14 
-.16 
-.26 
-.18 
-.19 
8. 28 
-.22 
=/29 
-.12 
a) 25 
lei 
-.34 


Pexpt 
MPa 


0887 
1161 
01237 
00945 
21552 
21003 
01316 
° 1386 
20490 
e 1060 
01643 
00874 
20983 
e 1838 
00551 
01193 
- 1694 
e 1290 


Peale 
MPa 


-0886 
-1160 
«1236 
00944 
21550 
-1001 
01314 
» 1383 
«0489 
-1058 
° 1640 
00872 
20981 
21834 
00551 
-1190 
«1690 
» 1286 


Pressure 
Diff. 
Z 


010 
202 
209 
11 
015 
019 
014 
16 
°26 
018 
019 
o27 
022 
024 
012 
025 
027 
034 


1D 


Data sources and ID numbers: 


Data 
Potnt 
Noe 


53 
54 
5D 
56 
Dil) 
58 
59 
60 
61 

62 


Weight 


1-000 
1.000 
1.000 
1.000 
1.000 
1 000 
1.000 
1-000 
1 «000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 


Tempe : 


K 


35232150 
3232150 
3523-2150 
323.150 
323.150 
323-2150 
323.150 
323.2150 
323.150 
323.150 
373150 
373.150 
373.150 
3732150 
5150150 
3734150 
373150 
373.150 
3732150 
398.150 
3982150 
398.150 
398 2150 
398.150 
398 150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Descnner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 
(79) Warowny e 


Densi 
expt 
mol/L 


0474 
0494 
0553 
0359 
soul 
0608 
2631 
0695 
0/73 
0872 
0583 
0406 
2462 
0534 
0634 
°/81 
12014 
12447 
22520 
0535 
2636 
o/84 
1.021 
1.464 
22580 


ty 
kg/t 


20-88 
21.79 
23.48 
24.63 
25-46 
26282 
27.231 
30.63 
34.10 
38.44 
16.90 
17.92 
20.36 
23257 
27.298 
34.42 
44.71 
63/9 
111.11 
23.61 
28-06 
34.58 
45.04 
64.57 
113.79 


Density 
calc 
kg/m 


20291 
21.82 
23.54 
24.65 
252535 
26.88 
27.288 
30-74 
34.21 
38.66 
16.95 
17297 
20.241 
23.60 
28.02 
34.45 
44.67 
63.58 
110.91 
23.67 
28.10 
34.60 
44.98 
64.25 
113.26 


76 


Density 
Diff. 
i 


=e | 5 
-.16 
eZ) 
-.08 
-.26 
-.21 
- 25 
-.54 
=.34 
IT 
-.2/] 
-.28 
-.25 
Solid 
Tel) 
-.09 

209 

034 

018 
ae) 24 
-.15 
-.06 

13 

050 

047 


Pexpt 
MPa 


1.0801 
1.1186 
1.1896 
1.2541 
1.2686 
1.3203 
123578 
1.4601 
1.5756 
1.7094 
1.0852 
1.1419 
1.2797 
124540 
1.6840 
1.9971 
224429 
301127 
4.0733 
1.5847 
1.8431 
222018 
227267 
325565 
4.9781 


Peale 
MPa 


1.0788 
1.1171 
1.1872 
122534 
1 «2660 
1.3181 
| 63552 
1.4565 
1.5719 
1.7031 
1.0805 
1.1390 
12769 
1.4521 
1.6819 
1.9956 
24446 
3.1192 
4.0757 
1.5813 
1.8407 
22007 
2.7295 
35688 
4.9893 


Pressure 
Diff. 
b 


13 
213 
220 
206 
220 
016 
019 
025 
225 
el) 
224 
226 
222 
013 
ais 
208 
-.07 
-.21 
-.06 
022 
13 
005 
-ell 
-.54 
-.22 


ID 


Data sources and !D numbers: 


(79) Warowny 
Data We ight 
Point 

Noe 
78 1-000 
79 1.000 
80 1-000 
81 1.000 
82 1.000 
83 | .000 
84 1-000. 
85 1.000 
86 1.000 
87 1.000 
88 1.000 
89 1-000 
90 1.000 
91 1.000 
92 1.000 
93 1.000 
94 1-000 
95 1.000 
96 1.000 
97 1.000 
98 1.000 
99 1.000 
100 1-000 
101 1.000 
102 1.000 
103 1.000 
104 1.000 
105 1.000 
106 1.000 
107 1.000 
108 1 000 
109 ] -000 
110 1.000 
way 1.000 
112 1.000 
113 1.000 
114 1.000 
1S 1.000 
116 1.000 
117 1.000 
118 1.000 
119 1.000 
120 1-000 
121 1.000 
122 1.000 
25 1.000 
124 1.000 
125 1.000 
126 1.000 
127 1.000 
128 1.000 
129 1.000 
130 1-000 
131 1.000 
132 1.000 
133 1.000 


Tempe 
K 


369.960 
373.150 
398.150 
423.2150 
448.150 
473.150 
498.150 
523.2150 
548.150 
369.960 
373150 
398.150 
423.150 
448.150 
473.2150 
498.150 
523.150 
548.150 
369.960 
373.150 
398.2150 
423.150 
448.150 
473.150 
498.150 
523-150 
548.150 
373.150 
358-150 
423.150 
448.150 
473150 
498.150 
523.150 
548.150 
369.960 
373-150 
398.150 
423.150 
448.150 
473-150 
498.150 
5232150 
548.150 
373.2150 
398.150 
423.2150 
448.150 
473-150 
498.150 
523.150 
548.150 
369.960 
373150 
398.150 
423.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Telchmann, 


Densi 
expt 
mol/L 


2999 

2999 

2999 

0999 
2999 

2999 

0999 

2999 

° 999 
1.499 
1.499 
1.499 
1.499 
1.499 
1.499 
1.499 
1.499 
12499 
1-998 
1.998 
1.998 
1.998 
1.998 
1.998 
1.998 
1.998 
1.998 
2-498 
22498 
2-498 
22498 
2.498 
2-498 
2.498 
22498 
2.998 
2.998 
2.998 
22998 
22998 
2.998 
22998 
22998 
2-998 
32497 
3497 
32497 
3.497 
3.497 
32497 
3.497 
32497 
32997 
3.997 
32997 
3.997 


ty 
kg/m 


44.06 
44.06 
44.06 
44.06 
44.06 
44.06 
44.06 
44.06 
44.06 
66.09 
6609 
66.09 
6609 
66-09 
6609 
66.09 
66.09 
66-09 
88.12 
88.12 
88.12 
88.12 
88.12 
88.12 
88.12 
88.12 
88.12 

110.16 

110.16 

110.16 

110.16 

110.16 

MOTE 

110.16 

110.16 

1S2519 

132.19 

132.19 

152619) 

132.19 

132.19 

132.19 

132.19 

132.19 

154.22 

154.22 

154.22 

154.22 

154.22 

154.22 

154.22 

154.22 

17625 

176.25 

176.25 

176.25 


Density 
calc 
kg/m? 


43.62 
43.83 
43.95 
43.97 
43.97 
43.99 
44.02 
43.94 
44.01 
65-353 
65.54 
65.68 
65-68 
65.72 
65-76 
65.80 
65 68 
65.87 
87.76 
87.33 
87.44 
87.45 
87.55 
87.61 
87.71 
87.78 
87.86 
109.65 
109.38 
109.46 
109.59 
109.70 
109.81 
109.94 
110.05 
132.47 
132.13 
131.61 
131.62 
131.82 
132.63 
132.17 
132.31 
132.43 
154.49 
153.87 
153.87 
154.14 
154.35 
154.55 
154.71 
154.85 
178.48 


176.55 


175 63 
175.88 


77 


Density 
Diff. 
h 


1.02 
053 
226 
022 
e2] 
216 
210 
028 
sale 

1.17 
085 
262 
062 
057 
250 
044 
063 
053 
4] 
091 
0/8 
e/7 
266 
059 
248 
239 
P10) 
046 
o/| 
063 
052 
042 
051 
019 
210 

-.22 
205 
044 
043 
028 

-.55 
e02 

-.09 

-.18 

=e. ] u 
0235 
023 
005 

-.09 

-.21 

-.32 

-.41 

-1.25 

-el7 
oD 
221 


Pexpt 
MPa 


2.5659 
2.4085 
2.6770 
2293554 
3.1887 
34400 
3.6892 
3.9284 
4.1776 
3.1087 
301715 
326112 
4.0317 
4.444] 
4.8504 
522517 
526367 
6.0430 
326295 
327044 
4.3357 
4.9386 
5 5293 
6.1079 
6.6314 
722478 
728101 
4.0581 
4.8940 
5.6975 
64818 
722518 
8.0128 
8.7677 
9.5154 
4.1300 
4.2708 
525287 
603429 
723380 
823472 
922874 
10.2480 
11.2005 
4.3884 
5267/52 
629144 
8.1364 
9.3432 
10.5398 
11.7274 
12.9068 
4.2486 
4.4502 
5 «9650 
724445 


2+ 3838 
2.4181 
2.6826 
229408 
321945 
324448 
36927 
329385 
4.1826 
3.1302 
301877 
3.6267 
4.0505 
4.4642 
4.8706 
52716 
56682 
6.0613 
3.6361 
327201 
4.3554 
4.9640 
5 05559 
6.1561 
62/074 
7027119 
78308 
4.0642 
4.9111 
5/1193 
625048 
762746 
8.0328 
8.7818 
Of 255 
4.1284 
4.2713 
5 23586 
6 23583 
723516 
8.3268 
9.2886 
10.2398 
11.1822 
4.3874 
526802 
629230 
8.1392 
9.3372 
10.5214 
11.6944 
12.8582 
4.2470 


4.4496: 


529729 
724531 


Pressure 
Diff. 
g 


Pp 


eile 
-.40 
5721) 
-.18 
-.18 
“e | 4 
-.09 
-.26 
-.12 
-.69 
-.51 
-.43 
-.46 
-245 
-.41 
- 238 
-.55 
-.30 
-.18 
-42 
-—e45 
at) 51 
-.48 
-.46 
-.59 
-.55 
-.26 
-.15 
—.55 
-.58 
—.55 
251 
-.25 
-.16 
-.08 

204 
at) 01 
-.19 
—.24 
-.19 

224 
-.01 

208 

216 

02 
-.09 
-.e12 
-.03 

206 

18 

28 

2358 

204 

201 
-.13 
-.12 


1D 
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Data sources and 1D numbers: 
(13)Cherney, 


(79) Warownye 


Data 


Point 


Noe 


134 
155 
136 
Su. 
138 
139 
140 
141 

142 
143 
144 
145 
146 
147 
148 
149 
150 
1s 

V2 
153. 
154 
155 
156 
157 
158 
Wer) 
160 
161 

162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

le 
173 
174 
WD 
176 
Ayiel: 
178 
179 
180 
181 

182 
183 
184 
185 
186 
187 


Wel ght 


1.000 
1.000 
1.000 
1-000 
1.000 
1 000 
1.000 
1.000 
1 2000 
1.000 
1-000 
1.000 
1 000 
0.000 
0.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.009 
1.000 
0.000 
0.000 
1.000 
1 000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1 000 
1.000 
1.000 
1.000 
1 «000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1-000 
1.000 
1.000 
1-000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1-000 


Tempe 
K 


448-150 
473.150 
498.150 
523-150 
548.150 
373.150 
398.150 
423.2150 
448.150 
473.150 
498.150 
523150 
548.150 
3732150 
398.150 
423.2150 
448.150 
473.2150 
498.150 
523-150 
548.150 
369-960 
373150 
398.150 
423.150 
448.150 
473.150 
498.150 
5232150 
548.150 
369960 
373150 
398.2150 
423.150 
448.150 
473150 
498.150 
5232150 
548-150 
369.2960 
3732150 
398.150 
423.150 
448.150 
473.2150 
493.150 
369-960 
3732150 
398.150 
423.150 
448.150 
369 «950 
3732150 
398.150 


(1)Virial Equation, 


Density 
expt 
mol/L kg/m 
3.997 176225 
3,997, 17625 
3997s. diGe25 
3.997 176.25 
3.997. 176525 
4.496 198.28 
4.496 198.28 
4.496 198.28 
4.495 198.28 
4.496 198.28 
4.496 198.28 
4.496 198.28 
4.496 198.28 
4.996 220.31 
4.996 220.31 
4.996 220.31 
4.996 220.31 
4.996 220.31 
4.996 220.31 
4.996 220.31 
4,996 220.31 
5995) - ) 264.37 
5.995 264.37 
5.995 264.37 
5.995 264.37 
5.995 264.37 
5.995 264.37 
5.995 264.37 
5.995 264.37 
5.995 264.37 
6.994 308.44 
6.994 308.44 
6.994 308.44 
6.994 308.44 
6.994 308.44 
6.994 308.44 
6.994 308.44 
6.994 308.44 
6.994 308.44 
72994 352.50 
7.994 352.50 
7.994 352.50 
7-994 352.50 
7.994 352.50 
72994 352.50 
7-994 352.50 
8.993 396.56 
8.993 396.56 
8.993 396.56 
8.993 396.56 
8.993 396.56’ 
9.992 440.62 
9.992 440.62 
9.992 440.62 


Table 7. 


(Continued) 


Density Density 
calc iffe 
kg/m? id 

17627 -.01 

176.53 -.16 

176.78 50 

177.00 42 

177.29 7-59 

196.07 1.13 

196.75 °/8 

197.39 045 

198.01 214 

198.43 -.07 

198.73 =o 25 

199.00 056 

199.21 -.47 

212279 3.54 

217-08 1.49 

218.250 083 

219.42 4] 

220200 014 

219.04 258 

219.56 034 

221.08 -.55 

264.89 -.19 

256055 3.13 

259.68 1.81 

261-66 1.04 

262 81 260 

263654 0352 

264.01 014 

26437 200 

264 65 Sell 

307.03 o46 

305 84 085 

305 685 285 

306.68 057 

307-34 056 

307.98 015 

308-11 ol 

308.31 004 

308.48 -.01 

351.48 029 

351223 ° 56 

351203 042 

351651 228 

351-78 °20 

352-07 012 

35220 209 

395.92 °16 

395 64 023 

395.74 21 

395.85 018 

395.72 21 

440.44 004 

440.03 014 

439.81 019 


(2)Dawson, 


(3) Beattie, 


Pexpt 


~ 


8.9115 


10 5365)5 


11-8125 
13.2523 
14.6942 
4.4826 
602305 
729652 
9.6998 
11.4284 
13.1510 
14.8694 
16.5808 
4.5049 
624959 
8.5133 
10.5439 
12.5765 
14.5108 
16.5352 
18.6691 
4.2708 
4.5758 
721657 
9.8680 
12.6170 
15.3862 
18.1615 
20-9408 
2327182 
4.4725 
4.8910 
8.3826 
12.0192 
157246 
19.4828 
2521015 
26.9585 
30.7045 
525587 


6.1504 


10.9472 
15.9019 
20-9044 
25 9493 
30.9832 

920068 
9.8123 
1624623 
2321801 
29.8676 
1723357 
18.3824 
2725699 


Peale 


MPa 


8.9107 
10.3522 
11.7812 
13.1996 
14.6087 
4.4857 
6.2498 
7.9874 
9.7101 
11.4211 
13.1221 
14.8140 
16.4973 
4.5149 
6 5403 
8.5629 
10.5812 
12.5940 
14.6004 
16.5999 
18.5919 
4.2702 
4.5980 
7.2565 
9.9698 
12.7048 
15.4493 
18.1961 
20.9410 
23.6810 
4.4878 
4.9268 
8.4810 
12.1299 
15.8219 
19.5351 
23.2569 
26.9794 
30.6972 
5.6039 
6.2121 
11.0694 
16.0195 
21.0144 
26.0295 
31.0500 
9.0845 
9.9297 
16.6064 
23.3383 
30.0913 
17.3862 
18.5461 
27.6442 


(4)Deschner, (5 )Reamer, 
(17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Pressure 
Diff. 
ys 


201 
013 
2/7 
249 
«D9 
-.07 
-. 51 
-.28 
-.1 j 
206 
222 
03] 
em 
=.22 
- 68 
-.58 
=e) 
-.14 
- 61 
239 
042 
001 
-.48 
=| 25 
-1 02 
-.69 
-4l 
mC) 19 
~.00 
016 
-.34 
-./5 
-| ° 1 6 
-.91 
-.61 
-.2/ 
-.19 
-.08 
202 
-.81 
-.99 
-1.10 
-./3 
252 
55} 
—.22 
- 86 
-1 218 
-.8/ 
-.68 
-./4 
= ZS) 
- 88 
-.99 


1D 


Data sources and 


(13)Cherney, 


(79) Warowny. 
Data Weight 
Point 

Noe 

188 0.000 
189 0.000 
190 0.000 
191 0.000 
192 0.000 
193 0.000 
194 0.000 
195 0.000 
196 0.000 
197 0.000 
198 0.000 
199 1.000 
200 1.000 
201 1.000 
202 1.000 
203 1.000 
204 1.000 
205 1.000 
206 1.000 
207 1.000 
208 1.000 
209 1.000 
210 1.000 
Z\\\| 1.000 
212 1.000 
Z\\5) 1.000 
214 1.000 
ZS 1.000 
216 1.000 
217 1.000 
218 1.000 
219 1.000 
220 1.000 
221 1.000 
222 1.000 
223 1.000 
224 1.000 
225 1.000 
226 1.000 
227 1.000 
228 1.000 
229 1.000 
230 1.000 
231 1.000 
232 1.000 
233 1.000 
234 1.000 
235 1.000 
236 1.000 
237 1.000 
238 1.000 
239 1.000 
240 1.000 
241 1.000 
242 1.000 
243 1.000 


1D numbers: 


Temp. 
K 


373.150 
383.150 
393.150 
403.150 
413.150 
363.150 
373.150 
383.150 
393.150 
403.150 
413.150 
363.150 
373-150 
383.150 
393.150 
405.150 
413.150 
353150 
363-150 
373-150 
383-150 
393.150 
403.150 
413.150 
353.150 
363.150 
373.150 
383.150 
393. 150 
403.150 
413.150 
343-150 
353.150 
363.150 
373.150 
383.150 
393.150 
403.150 
413.150 
343.150 
353.150 
363.150 
373. 150 
383.150 
393.150 
403.150 
413.150 
343.150 
353.150 
363.150 
373.150 
383. 150 
393. 150 
403. 150 
413.150 
333-150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer 
(78)Teichmann, 


Density 
ex pt 
mol/L kg/m? 
7e257 320.00 
7.257 320.00 
7e257 320.00 
UoZor, ~ yS¥AVSO0) 
7.257 320.200 
7-710 340.00 
7-710 340.00 
7.710 340.00 
7-710 340.00 
7-710 340.00 
7e/10 340.00 
8.164 360.00 
8.164 360.00 
8.164 360.00 
8.164 360.00 
8.164 360.00 
8.164 360.00 
8.617 380.00 
8.617 380.00 
8.617 380.00 
8.617 380.00 
8.617 380.00 
8.617 380.00 
8.617 380.00 
9.071 400.00 
9.071 400.00 
9.071 400.00 
9.071 400.00 
9.071 400.00 
9.071 400.00 
9.071 400.00 
9.298 410.00 
9.298 410.00 
9.298 410.00 
9.298 410.00 
9.298 410.00 
9.298 410.00 
9.298 410.00 
9.298 410.00 
9.524 420.00 
9.524 420.00 
9.524 420.00 
9.524 420.00 
9.524 420.00 
9.524 420.00 
9.524 420.00 
92.524 420.00 
9.751 430.00 
9.751 430.00 
9.751 430.00 
9.751 430.00 
9.751 430.00 
9.751 430.00 
9.751 430.00 
9.751 430.00 
9.978 440.00 


Density Density 
calc Ditif. 
kg/m 3 

331.01 =e DD 

326.39 -1.96 

525i) -1.64 

324.36 -1.34 

323.52 -1.09 

349 .40 -2.69 

347.56 -2.18 

345.91 —le71 

345.96 =AeogZ 

343235 -.97 

343.243 -1.00 

366.03 -1.65 

363-96 -1.09 

363.50 -.96 

364.00 -1.10 

363034 -.92 

362.74 -./5 

380.82 -.22 

381.36 256 

381.32 02) 

381.94 -.51 

382.27 -.59 

381.77 -.46 

381.91 -.50 

400.11 -.03 

401.42 =e) 

401.47 =e) 

401.40 -e35 

401.28 =ieDe 

401.13 -.28 

400.98 24 

409.26 018 

410.01 - 00 

410.99 224 

411.01 -.25 

410.95 -.23 

410.86 =ei2 Ih 

410.75 -.18 

411.03 =(e29 

419.02 223 

420 .08 - 02 

420.16 -.04 

420.15 -.04 

420.53 Soe) 

420.41 -.10 

420.29 -.07 

420652 -.12 

430.09 -202 

430.03 -.01 

429.91 002 

430.18 -.04 

430.37 -.09 

430.17 -.04 

429.98 > 00 

430-42 -.10 

439.77 205 


(17) Tomlinson, (24)Ely, (26)Dittmar, (XXxXX)Haynes, (51,52)Thomas 


Pexpt 
MPa 


523937 
6.8647 
8.4337 
10.0028 
11.5718 
4.2169 
529821 
727473 
9.6105 
11.2776 
13.1409 
4.9033 
6.8647 
8.9241 
11.0815 
13.1409 
15.2003 
3.5304 
58840 
8.2376 
10.6892 
13.1409 
15.4945 
17.9462 
520014 
7.8453 
10.5912 
13-3370 
16.0829 
18.8288 
21.5746 
31381 
6.0801 
9.1202 
12.0622 
15.0042 
17.9462 
20.8882 
2329282 
4.2169 
724531 
10.5912 
13.7293 
16.9655 
20. 1036 
23-2418 
26-4780 
52/7859 
9.1202 
12.4544 
15.8868 
19.3191 
22.6534 
2529876 
29.5180 
329227 


Peale 


MPa 


5.1269 
6.6492 
8.1975 
9.7631 
11.3411 
329629 
56812 
724395 
922223 
11.0223 
12.8350 
4.6147 
6.6189 
8.6547 
10.7121 
12.7852 
14.8699 
324836 
5.7809 
8.1146 
10.4727 
12.8483 
15.2369 
17-6352 
4.9903 
7.6760 
10. 3864 
13.1144 
1528552 
18.6054 
21-5622 
322105 
6.0794 
8.9770 
11.8944 
14.8261 
17.7681 
20.7174 
2326714 
4.3406 
724407 
10.5627 
13.7002 
16.8486 
20.0047 
23.1657 
2625296 
5.7711 
9.1145 
12.4742 
15.8451 
19.2237 
22.6071 
2529951 
29.3797 
329617 


Pressure 
Dilitites 
A 


p 


5220 
3424 
2.88 
2245 
2.03 
6.41 
5-30 
4.14 
4.21 
2252 
2238 
6.25 
3.71 
3.11 
3245 
2.7/8 
222 
1.34 
1.78 
1.52 
2.07 
2-28 
1.69 
1.76 
222 
2.21 
1.97 
1.70 
1.44 
1.20 
299 
-2.25 
201 
1.60 
1.41 
1.20 
1.00 
082 
1.08 
-2.85 
el7 
e27 
21 
269 
249 
235 
256 
«26 
e 06 
-. 16 
-26 
250 
20 
-.02 
047 
-.99 


1D 


Data sources and !D numbers: 


(79) Warowny e 
Data Weight 
Po Int 
“NOs 

244 1.000 
245 1.000 
246 1.000 
247 1.000 
248 1.000 
249 1.000 
250 1.000 
2511 1.000 
252 1.000 
253 1.000 
254 1.000 
255 1.000 
255 1.009 
235) 1.000 
258 1.000 
259 1-000 
260 1.000 
261 1.000 
262 1.000 
263 1-000 
264 1.000 
265 1.000 
266 1.000 
267 1.000 
268 1.000 
269 1.900 
270 1.000 
27) 1.900 
272 1 000 
275 12900 
274 1.000 
275 1.000 
276 { .000 
277 1.000 
278 1.000 
279 1.000 
280 { 000 
281 1.000 
282 1.000 
283 1 000 
284 1.000 
285 1 2000 
286 1.000 
287 1.000 
288 1.000 
289 1.000 
290 1.000 
291 1.000 
292 1.000 
293 1.000 
294 1.000 
295 1.000 
296 1.000 
297 1.000 
298 1.000 
299 1.000 


Temp « 
K 


343.150 
5532150 
363.150 
3732150 
383.150 
393.159 
403.2150 
413-150 
333.150 
343.2150 
3536150 
363 150 
3732150 
383.150 
393.150 
403150 
413.150 
323150 
533-2150 
343-150 
353.2150 
363.150 
573150 
383.150 
393.150 
403.150 
413.150 
313.150 
323.150 
333-150 
343.150 
353-150 
363.150 
3735159 
383.150 
393-150 
403.150 
413-2159 
313.2150 
323.150 
333-150 
343.150 
353-2150 
363 2150 
373150 
383150 
393150 
403.150 
413.150 
303 6150 
313.2150 
323-2150 
333.150 
343.150 
353.150 
363150 


Table 7. 


(Continued) 


(1)Virfial Equation, (2)Dawson, (3)Reattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Tnomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m? 
9.978 440.00 
9.978 440.00 
9.978 440.00 
9.978 440.00 
9.978 440.00 
9.978 440.00 
9.9738 440.00 
9-978 440.00 
10-205 450.00 
10.205 450.00 
19.205 450.09 
10-205 450.00 
10.205 450.00 
10.205 450.00 
19.205 450.00 
10.205 450.00 
10.205 450.00 
10.431 460.099 
19.431 450.00 
10.431 460.00 
19.431 460.00 
10.431 460.00 
19.431 460.00 
10.431 460.00 
19.431 460.00 
10.431 460 690 
10.431 460.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
10.658 470.00 
19.653 470.00 
10.658 470.00 
10.885 480.00 
10.885 480 .00 
10.885 480.00 
10.885 480.00 
10.885 480.00 
10.885 480.00 
10.885 480.00 
10.885 480.00 
10.885 480.00 
10-885 480.00 
10-885 480.00 
11.112 490.00 
11-112 490.00 
11.112 490.00 
11.112 490.00 
11-112 490.00 
11-112 490.00 
112112 490.00 


Density Density 
calc Diffe 
kg/m? ve 

440 .03 -.01 

440.15 -.04 

439.31 204 

439.87 003 

439.90 nesOZ 

439.62 209 

439.37 014 

439.43 013 

449.22 el7 

449.58 209 

449.45 e12 

449.32 015 

44929 018 

449.39 014 

449.02 222 

449.45 012 

449.13 019 

459.54 010 

459.89 202 

459.44 012 

459.38 014 

459.61 209 

459.27 016 

458-74 228 

459.21 el7 

458.99 022 

459.21 eile 

469.55 016 

469.48 oll 

469.08 020 

469.33 014 

469.00 221 

468.98 222 

463.97 e22 

468.98 222 

468.79 026 

468.84 025 

469.08 »20 

478.83 024 

479.03 020 

478.92 023 

473.84 024 

479.01 22] 

47896 022 

478.93 222 

478.92 222 

479.29 015 

479.14 018 

47917 el7 

488.63 228 

" 488.96 221 

489.23 °16 

489.25 015 

489.28 015 

489.33 014 

489.20 016 


80 


Pexpt 


MPa 


7.5511 
11.1796 
1427100 
13.5384 
21.9669 
2524973 
29.0277 
32.6561 

526879 

9.6105 
13.4351 
1722597 
21-0843 
2520070 
28:0 1555 
32-7542 
36.4307 

329227 

8.1595 
12.1602 
16.2790 
2024959 
2425166 
2824393 
52-7542 
3607749 
40.9918 

1.9613 

605743 
10.6892 
15.2003 
19-5152 
2329282 
2823412 
327542 
3720691 
41.4821 
45.9932 

424130 

9.2183 
13-9254 
18.6326 
23524379 
28.1451 
32.8523 
3725595 
42.4628 
47.0719 
51-7791 

204517 

7 66492 
12.8467 
1729462 
2320456 
28.1451 
3321465 


Peale 


MPa 


75453 
11.1452 
14.7562 
18.3744 
21-9969 
25-6213 
2922457 
32.8686 

5 68507 

9.7106 
13.5808 
1724572 
21-3369 
2562175 
2920970 
32.9739 
365.8466 

4.0265 

8.1683 
12-3185 
16.4734 
20.6299 
24.7857 
28.9390 
33-0881 
3722316 
41.3686 

2.0694 

625168 
10.9698 
1524248 
19-8792 
24.3309 
2827/79 
33.2188 
3726524 
42.0775 
4624932 

4.7554 

9.5356 
14.3144 
1920895 
2328590 
28.6213 
3323751 
38.1191 
42 68525 
4725745 
5222839 

2 8842 

8.0183 
13-1463 
18.2665 
2325776 
2824782 
335671 


Pressure 
a 


208 
65) 
-.51 
-.20 
-.14 
-.48 
-./5 
-.65 
~2.78 
-| 003 
-| 207 
-| nl 
=i 13 
-.34 
-| 545) 
-.5/7 
-.99 
2.58 
ae) 
-1 229 
-] 18 
-.65 
-| 209 
-1 73 
-1.01 
=| 025 
-.91 
5.22 
-2.19 
2.56 
-1.46 
~| 83 
=| Flop) 
al | 052 
-1 240 
-| DD 
-1.41 
-1 08 
-7220 
-3 33 
-2.72 
2.39 
-| e/7 
-1..66 


-1 oil 7 
-| 25 


1D 


Data sources and ID numbers: 


(13)Cherney, (17)Tomlinson, 


(79) Warowny e 


Data 
Point 
Noe 


300 
301 
502 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
SiS) 
314 
315 
316 
Sy) 7 
318 
319 
320 
32) 
322 
525) 
324 
325 
326 
327 
328 
529 
330 
331 
332 
333 
334 
335 
336 
337 
338 
559 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1-000 
1.000 
1.000 
1.000 


1.000 © 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Tempe 
K 


373-2150 
383.150 
393.150 
403.150 
413.150 
303-150 
313.150 
323.150 
3332150 
343.150 
3532150 
363-150 
3732150 
383-150 
393.150 
403.150 
413.150 
293150 
303150 
3132150 
323.150 
333.150 
343.150 
353-2150 
363-150 
3732150 
383.150 
393-150 
403.150 
413.150 
293.2150 
303.150 
313.150 
323.2150 
333.2150 
343.150 
353-150 
363.150 
3732150 
383.150 
393.150 
403.150 
413.150 
293.150 
303-150 
313-150 
323.150 
333.2150 
343.150 
3532150 
363-150 
373.150 
383.150 
393.150 
403.150 
413.150 


Table 7. 


(1)Virtal Equation, 
(24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, 


Densi 
expt 


11.452 
11.452 
11.452 
11-452 
11.452 
11.452 
11.452 
11.452 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.565 
11.679 
11.679 
11-679 
11.679 
11.679 
11.679 
11.679 
11.679 
11-679 
11.679 
11.679 
11.679 
11-679 


ty 
kg/m? 


490.00 
490.00 
490 .00 
490.00 
490.00 
500.00 
500 00 
500.00 
500.00 
500-00 
500-00 
500.00 
500.00 
500-00 
500.00 
500.00 
500-00 
505.00 
505.00 
505.00 
505.00 
505.00 
505 00 
505.90 
505.00 
505.00 
505.00 
505-00 
505 00 
505.00 
510.00 
510-00 
510.00 
510-00 
510-00 
510-00 
510-00 
510.00 
510-00 
510.00 
510.00 
510.00 
510.00 
515.00 
515-00 
515200 
515.00 
515.00 
515.00 
515-00 
515.00 
515-00 
515.00 
515.00 


515.00 | 


515.00 


(Continued) 


Density 
calc 
kg/m 


489.29 
489.22 
489.03 
489.18 
489.19 
498.86 
498 .93 
499 .02 
499.12 
499.04 
499.01 
499.00 
499.18 
499.07 
499.13 
499.08 
498.93 
503-73 
503-80 
504.10 
504.18 
504.10 
504.06 
504.22 
504.08 
504.12 
504.19 
504.15 
504.13 
503 90 
508 -96 
509.21 
509.26 
509.34 
509.26 
509.07 
509.25 
509.27 
509.19 
509.27 
509.25 
509.14 
509.18 
513.95 
514.17 
514.21 
514.29 
514.39 
514.21 
514.37 
514.27 
514.34 
514.43 
514.42 
514.33 
514.27 


81 


(2)Dawson, 


Densi ty 


DI 


(3)Beattie, 


fife 
t 


oilD 
216 
«20 
el7 
el7 
0235 
21 
020 
18 
019 
220 
°20 
016 
019 
ol7 
18 
222 
625) 
224 
018 
216 
018 
019 
6 
18 
el7 
016 
ali7/ 
al 7/ 
022 
220 
016 
eal 
Ole} 
014 
18 
oll) 
014 
216 
014 
sil. 
el7 
16 
220 
216 
015 
014 
012 
015 
012 
014 
013 
oll 
ell 
013 
014 


Pexpt 
MPa 


38.2459 
43.2473 
48.1507 
53.2501 
5822515 

529821 
11.4738 
16.9655 
22-4572 
27-8509 
3322445 
38 66382 
44.1299 
49.4255 
54.8192 
60.1148 
653123 
222555 
79434 
13-7293 
19.4172 
25-0070 
30.5967 
36.2846 
41.7763 
47.5661 
52.9559 
58.4476 
63.9394 
69.2349 
4.3149 
10.2970 
16-1810 
22.0650 
2728509 
33.5387 
39 64227 
45.2087 
50 -8965 
56.6824 
62-3703 
67-9601 
7326479 
6.4724 
12.6506 
18.7307 
24.8108 
30.8909 
3627749 
42.8551 
48.7391 
54.7211 
60.7032 
66-5872 
72.3731 
7821590 


(4)Deschner, 
(78)Tel 


f 


“calc 
MPa 


38.6436 
43.7066 
48.7555 
53.1898 
58.8087 
624211 
11.9256 
1724172 
22.8951 
28.3586 
33.8068 
39.2389 
44.6545 
50.0528 
55 24335 
60.7962 
661405 
22/3562 
824476 
14.1433 
19.8230 
25-4861 
31.1321 
36-7604 
42.3705 
47.9619 
5325342 
59.0870 
64.6201 
7021331 
4.7483 
10.6587 
16.5498 
22.4218 
28.2744 
34.1073 
39.9200 
45.7124 
51-4839 
5722344 
62-9636 
68.6712 
7423572 
6.9507 
13.0641 
19.1550 
25-2236 
31.2701 
372942 
43.2959 
49.2748 
55-2308 
61-1638 
67-0736 
72-9601 
78.8232 


(5)Reamer , 
chmann, 


1D 


Data sources 


(13)Cherney, 
(79) Warowny 
Data Weight 
Potnt 
Noe 
356 1.000 
357 1.000 
358 1.000 
359 1.000 
360 1-000 
361 1.000 
362 1.000 
363 1.000 
364 1.000 
365 1-000 
366 1.000 
367 1.000 
368 1.000 
369 1.000 
370 1-000 
371 1.000 
372 1.000 
Bye) 1.000 
374 1-000 
375 1.000 
376 1.000 
Si 1.000 
378 1-000 
379 1-000 
380 1.000 
381 1.000 
382 1-000 
383 1.000 
384 1.000 
385 1.000 
386 1.000 
387 1.000 
383 1-000 
389 1.000 
390 1.000 
391 1.000 
392 1-000 
393 1.000 
394 1.000 
395 1000 
396 1 6000 
397 1.000 
398 1.000 
399 1.000 
400 1.000 
401 1.000 
402 1-000 
403 1.000 
404 1.000 
405 1.000 
406 1.000 
407 1.000 
408 1.000 
409 1.000 
410 1.000 
411 1.000 


and ID numbers: 
(17)Tomlinson, (24)Ely, 


Temp « 
K 


283.150 
293-150 
303-150 
515150 
323.150 
3332150 
343.2150 
353.150 
363.150 
3732150 
383.150 
393.150 
403.150 
413.150 
283-2150 
293.150 
303.150 
313-150 
323.150 
335.2150 
343.150 
3532150 
3632150 
37352150 
383-150 
393-150 
403.150 
413.150 
273.2150 
283.150 
293.2150 
303-150 
313-150 
323-150 
333150 
343.2150 
353-150 
363-150 
3732150 
383-150 
393-2150 
403.150 
413.150 
2752150 
283-150 
293.150 
303 150 
313-150 
323-150 
333-2150 
343 150 
353-150 
363 150 
57/5190 
383-150 
393.150 


Table 7. 


(Continued) 


()Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 


Densi 
expt 
mol/L 


11.792 
The 792 
11.792 
11.792 
11.792 
11.2792 
11.792 
11.792 
11-792 
11-792 
11.792 
11.792 
1-792 
love? 
11.906 
11.906 
11-906 
11.906 
11.906 
11-906 
11.906 
11.906 
11.906 
11-906 
11.906 
11-906 
11-906 
11.906 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
12.019 
VZe52 
12.2132 
12/132 
12.132 
126152 
12.132 
12.132 
Tr 32 
12.132 
V2 52 
12.132 
12.132 
Ace” 


ty 
kg/m 


520-00 
520-00 
520.00 
520-00 
520.00 
520-00 
520-00 
520.00 
520.00 
520.00 
520-00 
520-00 
520.00 
520.00 
525.00 
525.00 
525-00 
525.00 
525.00 
525.00 
525 00 
525.00 
525 00 
525-00 
525-00 
525.00 
525-00 
525.00 
530.00 
530.00 


~ 530.00 


530.00 
530.00 
550-00 
550.00 
530.00 
530.00 
530.00 
530-00 
530.00 
530.00 
530.00 
530.00 
535.00 
535 00 
535.00 
535 00 
535.00 
535.00 
535.00 
535.00 
535-00 
535.200 
535.00 
535.00 
535 00 


Density 
calc 
kg/m? 


519.00 
519.14 
51D eii2 
519.32 
519.38 
519-31 
519.29 
519.44 
519.48 
519.42 
519.52 
519.41 
519.45 
519.40 
524.59 
524.45 
524.73 
524.69 
524.71 
524.62 
524.71 
524.83 
524.85 
524.90 
524.86 
524.86 
524.78 
524.74 
529.56 
529.50 
529.68 
529.73 
529.67 
529.81 
529.84 
529.78 
529.76 
529677 
529.82 
529.69 
529.79 
529.73 
529.70 
534.84 
534 88 
534.82 
534.82 
534.735 
534.83 
534.95 
534.99 
535.06 
535.16 
535-08 
535 04 
535.03 


82 


Density 
Diff. 
é 


219 
017 
e17 
013 
012 
013 
014 
oll 
210 
eld 
209 
ell 
ell 
012 
208 
010 
005 
206 
-06 
O07 
205 
03 
203 
002 
«03 
005 
004 
005 
-08 
-09 
206 
005 
2 06 
004 
05 
204 
005 
204 
203 
206 
204 
205 
206 
0035 
002 
203 
003 
005 
«05 
Ol 
200 
-.01_ 
-.03 
-.02 
-.01 
-.01 


Pexpt 
MPa 


2.5497 

8.924] 
15.2003 
2125746 
27-8509 
34.0291 
40.2073 
46.4835 
52.6617 
58.7413 
64.9200 
70.9021 
7629822 
82.9643 

5.1975 


‘11.6699 


18.3384 
24.8108 
31 2832 
37.6575 
44.1299 
50.6023 
56.9766 
6323510 
69-6272 
7529035 
82.0817 
88.2598 
29807 
727473 
14.6119 
21.3785 
28.0470 
34.81 36 
4] .4821 
48.0526 
54.6230 
61-1935 
67.7640 
74.1385 
80. 7087 
87.0831 
93-4574 
327265 
10.7873 
17.7500 
24.7128 
31.5774 
38.5401 
4525029 
52-3675 
5922322 
66.0968 
72-7655 
794339 
86.1024 


Peale 


MPa 


3.0055 

9.3532 
15.6740 
21.9690 
28.2388 
3424836 
40.7035 
46.8984 
53.0684 
59.2133 
65 05332 
71-4279 
7724975 
83-5420 

5 4033 
11.9662 
18.4989 
25.0026 
31-4780 
3729257 
44.3459 
50.7586 
57.1041 
6324424 
69-7536 
7620377 
82.2948 
88.5250 

1.1990 

8.0179 
14.8006 
21.5497 
28-2666 
34.9523 
41.6075 
48 22325 
54.8277 
61 «3933 
6729295 
74 «4364 
80.9143 
37.5633 
93 «7836 
3.8135 
10.8602 
17.8674 
24.8375 
31.7724 
38.6731 
45.5404 
5223750 
59.1773 
65-9476 
72 «6862 
79.3935 
86.0697 


(26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Pressure 
Diff. 
t 


-15.16 
-4.59 
De O2 
-1 280 
-| 237 
-1.32 
-1.22 

-.88 
-./7 
-.80 
-.63 
-./4 
-.66 
-.69 
-3.81 
-2.48 
-.8/7 
-./] 
-.62 
-.7) 
-.49 
-o2/ 
-22 
-.14 
-.18 
-.18 
-.26 
=.350 

-18.21 
-3..38 
Hoey 

-./9 
-./8 
-.40 


ID 


Data sources and ID numbers: 


(1)Virial Equation, (2)Dawson, 


Table 7. 


(Continued) 


(3)Beattie, 


(4)Deschner, 


(5)Reamer , 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79) Warowny « 
Data Weight 
Potnt 

Noe 

412 1.000 
413 1.000 
414 1.000 
415 | .000 
416 1.000 
417 1.000 
418 1.000 
419 1.000 
420 1.000 
421 1.000 
422 { .000 
423 1-900 
424 1.000 
425 1.000 
426 | 000 
427 1.000 
428 1.000 
429 1.000 
430 1.000 
431 1.000 
432 1.000 
433 1.000 
434 1.000 
435 1.000 
436 1.000 
437 1.000 
438 | .000 
439 1.000 
440 1.000 
44] 1.000 
442 1.000 
443 1.000 
444 1.000 
445 1.000 
446 1.000 
447 1.000 
448 1.000 
449 1.000 
450 1.000 
451 1.000 
452 1.000 
453 1.000 
454 1-000 
455 1-000 
456 1.000 
457 1.000 
458 1.000 
459 1.000 
460 1.000 
461 1.000 
462 1.000 
463 1.000 
464 1.000 
465 1.000 
466 1.000 
467 1-000 


Temp. 
K 


403.150 
413.150 
273.2150 
283.150 
293.150 
303 150 
313.2150 
323.150 
333.150 
3432150 
353.150 
363-150 
3732150 
383.150 
393.150 
403.150 
2732150 
283-150 
293.150 
303.2150 
313-2150 
323150 
333-150 
343.150 
353.150 
363 2150 
373-150 
383.150 
393.150 
273-150 
283.150 
293-150 
303.150 
313-150 
323.150 
333-150 
343.150 
353-2150 
363-150 
373.150 
383.150 
273.150 
283.150 
293.150 
303.150 
313-2150 
323.150 
333.150 
343.2150 
353-150 
363-150 
373.150 
383.150 
273-150 
283.150 
293-150 


Density 
x pt 
mol/L kg/m? 
IZote2 — Bsis)\c(oo) 
ZS 225 5551300 
12.246 540.00 
12-246 540.00 
12.246 540.00 
12-246 540.00 
12.246 540.00 
12.246 540.00 
12.246 540.00 
12-246 540.00 
12.246 540.00 
12-246 540.00 
12.246 540.00 
12-246 540.00 
12.246 540.00 
12.246 540.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 545.00 
12.359 . 545.00 
12.359 545.00 
12-472 550.00 
12.472 550.00 
12.472 550.00 
122472 550-00 
12.472 550.00 
12.472 550.00 
12osi2 S230 C0) 
12.472 550.00 
12472 1 1550).00 
12.472 550.00 
12-472 550.00 
12.472 550.00 
12586 555i00 
12.586 555.00 
12.586 555.00 
12.586 555.00 
12.586 555.00 
12.586 555.00 
12.586 555.00 
12-586 555.00 
12.586 555.00 
12-586 555.00 
12-586 555.00 
12-586 555.00 
12-699 560.00 
12.699 560.00 
12-699 560.00 


Density Density 
calc Diff. 
kg/m? i 

534 .96 01 

535.01 -.00 

540.01 - 00 

539.97 200 

540.01 - 00 

539.96 201 

539.96 01 

540.01 -.00 

539.98 200 

540.10 -.02 

540.04 -.01 

540.12 -.02 

540.14 - 03 

540.27 -.05 

540.25 - 05 

540.17 -.03 

545.08 -.01 

545.12 -.02 

545 .09 - 02 

Dab reliZ -.02 

545.19 - 04 

545.19 -.04 

545.24 = 204 

545.32 -.06 

545.25 - 04 

545.19 -.035 

545627 -.05 

545.30 -.05 

545.35 - 06 

550 «32 -.06 

550.42 -.08 

550.44 -.08 

550252 -.09 

550.52 -.10 

550-58 -.10 

550.47 -.09 

550.60 -eoll 

550.58 -10 

550.50 -.09 

550.47 -.08 

550.55 -.10 

Byaa)2)1/ -.10 

555.57 -.10 

DD Deo -.10 

555 5D -.10 

555261 -e11 

555 62 -ell 

yacleyy/ -.12 

Da Ga -.10 

GY33}5) 5)5) -.09 

555.60 -ell 

555 62 -.11 

555-60 -.ll 

560.67 -.12 

560.60 -oll 

560.71 -.13 


83 


Pexpt 


MPa 


92 .6728 
99.3414 
6.6685 
13.9254 
21.1824 
2823412 
35 5001 
42.6589 
49.7197 
56.8786 
63-8413 
7029021 
77.8648 
84 69256 
91.7902 
98.5568 
9.8067 
1723578 
24.8108 
32 «2639 
39.7169 
47.0719 
54.4269 
61.7819 
68-9407 
7620996 
83.3565 
90 5154 
97.6742 
13.3370 
2121824 
28-9296 
56 26769 
44.3261 
DS We9752 
59.4283 
67.0775 
74 25305 
81.8855 
89.2405 
96 26936 
17-1616 
252031 
3521465 
41.0899 
49.0333 
56.8786 
64.7239 
723731 
80.0223 
87.7695 
95 4187 
102.9698 
21.1824 
29.4200 
3727556 


Peale 


MPa 


92.7151 
99.3299 

6 -6625 
13.9417 
21.1780 
28.3740 
35 25316 
42.6520 
49.7363 
56-7852 
63-7993 
7027789 
777247 
84.6369 
91.5160 
98 .3623 

9.1575 
17-2741 
24.7444 
32.1711 
39.5562 
46.9013 
54.2074 
6124753 
68.7059 
75-8998 
83-0573 
90.1792 
97.2658 
13.1105 
20.8694 
28.5786 
362409 
43.8586 
51 4332 
58-9660 
66 -4580 
73-9100 
81.3227 
88.6969 
96-0331 
16.7339 
24.7401 
32.6933 
40.5964 
48.4516 
56 «2607 
64.0252 
71.7461 
7924244 
87 -0609 
94.6565 
102.2118 
20.6403 
28 8991 
3721014 


Pressure 
DIf f - 
b 


-.05 
°O1 
«09 

=e NltZ 
202 

-.1 2 

-.09 
202 

- 03 
016 
207 
17 
18 
054 
250 
20 
250 
048 
27 
°29 
Ai 
036 
04] 
250 
234 
°26 
256 
037 
042 

1.73 

1-50 

1.23 

1.20 

1.07 

1.05 
0/8 
093 
34 
269 
61 
269 

256 

1.87 

1.39 

1.22 

1.20 

1.10 

1.09 
087 
0/5 
81 
281 
~74 

2.65 

1.80 

1 -/6 


1D 


Data sources and ID numbers: 


Data 
Poltnt 
Noe 


468 
469 
470 
47} 

472 
473 
474 
475 
476 
477 
478 
479 
480 
481 

482 
483 
484 
485 
486 
487 
488 
489 
490 
491 

492 
493 
494 
495 
496 
497 
498 
499 
500 
501 

502 
503 
504 
505 
506 
507 
508 
509 
510 
511 

512 
513 
514 
515 
516 
517 
518 
519 
520 
521 

522 
523 


Weight 


1.000 
1-000 
1.000 
1.000 
| .000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1 000 
1 000 
1.000 
1.000 
1.000 
1-000 
1-000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1-000 
1-000 
1.000 
1-000 
1 000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1.000 
1.000 
1.000 


Temp « 
K 


303-150 
3132150 
323.150 
333150 
343.150 
3532150 
363.150 
575.0150 
273.150 
283 150 
293.150 
303 150 
313.4150 
323.150 
333.150 
343.150 
353.2150 
363.150 
273.2150 
283.150 
293.150 
303.150 
313-150 
323.150 
333.150 
343.150 
353150 
2732150 
283.150 
293-150 
303.150 
313-150 
323.150 
333.150 
343.150 
273.150 
283.150 
293.2150 
303-150 
313-150 
323.150 
333.150 
343.150 
2732150 
283.150 
293.150 
303.2150 
313.150 
323.150 
3332150 
273150 
283.150 
293.150 
303150 
313.2150 
323.150 


Table 7. 


(Continued) 


(1)Virftal Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer , 
(13)Cherney, (17)Tomlinson, (24 Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Telchmann, 
(79) Warownye 


Densi 
expt 
mol/L 


12.699 
12.699 
12.699 
12.699 
12.699 
12.699 
12.699 
12.699 
12.813 
12.813 
12.813 
12.813 
12.813 
12.813 
12.813 
12.813 
12.813 
12.813 
12-926 
12.926 
12.926 
122926 
12.926 
12.926 
122926 
12.926 
12.926 
13-039 
13.039 
13.039 
13.039 
13.039 
132039 
13.039 
13.059 
ra eee) 
13.153 
13.153 
150.55, 
132153 
13.153 
13.153 
13.2153 
13.266 
13.266 
13-266 
13.266 
13.266 
13-266 
13.266 
13.380 
13.380 
13.2380 
13-380 
13-380 
13-380 


ty 
kg/m? 


560.00 
560-00 
560.00 
560 .00 
560-00 
560 00 
560 -00 
560 00 
565 00 
565-00 
565-00 
565 .00 
565 00 
565 00 
565 200 
565 600 
565 00 
565 00 
570200 
570-00 
570.00 
570.00 
570-00 
570.00 
570-00 
570.00 
570.00 
575.00 
575-200 
575.200 
57500 
575.00 
575 200 
575-00 
575 00 
580.00 
580.00 
580-00 
580.00 
580.00 
580.00 
580 00 
580.00 
585 .00 
585 00 
585 .00 
585 200 
585 200 
585.00 
585 00 
590.00 
590 .00 
590.00 
590.00 
590.00 
590 00 


Density 
calc 
kg/m? 


560.77 
560 68 
560.82 
560.74 
560. 70 
560.70 
560 .66 
560.73 
5656/5 
505 «62 
565 .66 
565 666 
565.71 
565.63 
565 .60 
565.61 
565.58 
565.59 
570.80 
570-70 
570.68 
570.62 
570.62 
570.59 
570.60 
570.50 
570.51 
575.81 
57515 
575 66 
57555 
575 50 
575 50 
575 47 
575 4l 
580-69 
580.57 
580.51 
580.36 
580.34 
580 - 50 
580 24 
580.15 
585 53 
585 244 
585.33 
585 «20 
585.21 
585.13 
585.03 
590.09 
590 02 
589.95 
589.93 
589.85 
589.71 


84 


Density 
Diff. 
% 


-.14 
-.12 
=ett/D) 
-.13 
-.12 
-.12 
-.12 
-.13 
-.13 
-.11 
-.12 
-.12 
a) 
~eoll 
-ell 
-.ll 
-.10 
=ieilit 
-.14 
-012 
-.12 
-ell 
-ell 
-.10 
-.10 
-.09 
-.09 
-.14 
-.13 
-.1l 
-.10 
-.09 
-.09 
-.08 
-.07 
-.12 
-.10 
-.09 
-.06 
-.06 
-.05 
-.04 
-.03 
-.09 
-.07 
-.06 
-.03 
-.04 
-.02 
-.00 
-.02 
-.00 
201 
001 
203 
005 


Pexpt 
MPa 


45.9932 
54.0546 
6222722 
702156 
78.1590 
86.1024 
93.9477> 
101.8911 
25.4973 
33.9310 
42.4628 
50 8965 
59 353502 
67.5678 
75 ©8054 
84 0430 
92.1825 
100-3220 
30.1064 
38 8343 
4725625 
56-1921 
64.8220 
75 03537 
81.8855 
90.2212 
98 .6549 
35-0097 
44.0319 
52.9559 
6127819 
7026079 
79 04339 
88-1618 
96.7916 
40.1092 
49.3274 
58.5457 
6725678 
76 26880 
85.7101 
94-6542 
103 .4602 
45.5029 
55.0153 
64.4297 
737460 
83.1604 
92.3786 
101.4988 
50.8965 
60.7032 
7024117 
80.1203 
89.6328 
99.0472 


Peale 
MPa 


45 22503 
53 3482 
61.3970 
69.5981 
7723530 
85 2625 
93.1278 
100.9497 
24.8429 
3325595 
41.8162 
50.2161 
58.5619 
66.8554 
7520984 
83.2923 
91 4381 
99.5371 
29.3552 
38-1349 
46 08513 
55 65076 
64.1065 
72.6501 
81.1401 
89.5780 
97.9653 
34.1910 
4322595 
52-2208 
61.1389 
69.9962 
7827951 
87.5373 
96 2246 
39.3045 
48.6870 
5729391 
6721244 
762456 
85 3051 
94.3049 
103.2468 
44.8904 
54.4927 
64.0210 
732479 
82 .8696 
92.1951 
101.4579 
50-7836 
60.6714 
7024816 
80.2179 
89.8853 
99.4805 


Pressure 
Diff. 
b 


1.64 
1.29 
1 43 
1.18 
1.04 
299 
288 
093 
2.63 
1.71 
1.55 
1235 
Uda 
1.07 
094 
290 
281 
2/9 
2256 
1.83 
1.52 
1223 
1.12 
97 
292 
0/2 
2/0 
2.59 
1.83 
] 041 
1.05 
087 
281 
on} 
059 
1.89 
1.32 
1.05 
066 
258 
047 
055 
21 
1.36 
96 
264 
° 56 
255 
220 
004 
222 
005 
-.10 
-.12 
-.28 
-.44 


1D 


1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 


1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1011 
1012 


501 

502 
503 
504 
505 
506 
507 
508 
509 
510 
511 

DZ 
513 
514 


601 

602 
605 
604 
605 
606 
607 
608 
609 
610 
611 

612 
613 
614 


401 
402 


Data sources and ID numbers: 


(79) Warowny e 
Data Weight 
PolInt 

Nos 

524 1-000 
525 1.000 
526 1.000 
Dey 1.000 
528 | -000 
529 1-000 
530 1-000 
531 1.000 
ps2. 1.000 
533 1.000 
534 1.000 
Bo) 1.000 
536 1.000 
DD, 1.000 
538 1.000 
539 1.000 
540 1.000 
541 ] 000 
542 1.000 
543 1.000 
544 1.000 
545 1.000 
546 1.000 
547 1.000 
548 1-000 
549 1.000 
550 1-000 
551 1.000 
oy 1.000 
DDS. | .000 
554 1.000 
339) 1.000 
556 1-000 
Dbi/ 1.000 
558 1.000 
559 1.000 
560 1 000 
561 1.000 
562 1.000 
563 1-000 
564 1.000 
565 1 -000 
566 1.000 
567 | .000 
568 1.000 
569 1.000 
570 1.000 
571 1.000 
572 1.000 
D2) 1.000 
574 1.000 
375) 1.000 


Temp « 
K 


90.000 
90.000 
90.000 
90.000 
90.000 
90 .000 
90 .000 
90 -000 
90.000 
90 .000 


100-000 
100.000 
100-000 
100.000 
100.000 
100.000 
100.000 
100.000 
100.000 
100 .000 
100.000 
100.000 


110-000 
110.000 
110-000 
110-000 
110.000 


120.000 
120.000 
120.000 
120-000 
120.000 
120.000 
120.000 
120.000 
120.000 
120.000 
120.000 
120.000 
120-000 
120.000 


130-000 
130.000 


Table 7. 


(Continued) 


(1)Virftal Equation, (2)Dawson, (3)Beattile, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m 
16.799 740.78 
VO7D) > 159.15 
16.751 738267 
16.726 737.59 
16-701 736 48 
667553 755651 
16.648 734.15 
16-621 732 296 
16.594 731.76 
USSDOU TC VOSS DI? 
16.594 731274 
16-561 730228 
16-530 728.94 
16.503 727.74 
16.476 726 653 
16.448 725.29 
16-420 724.05 
16-397 723.04 
1623574 722.03 
16-356 721.24 
16-338 720.46 
16.32] 719270 
160576. 722.15 
16.347 720.84 
WOGSUS == HI SoB7/ 
16-288 718.26 
162259 716.96 
ISoZZ TN oG7/ 
16.201 714241 
1601780". 713-59 
VOotBS - WilZozs) 
16.131 711.35 
16.114 71060 
16-098 709.89 
16.087 709.40 
16-082 709.18 
16.180 713.50 
16.141 711-78 
16-104 710.16 
16-073 708.76 
16.041 707236 
16.008 705.91 
15-977 704.54 
15.952 703.45 
15.925 702.18 
15.897 701.02 
15.878 700.17 
15.862 699.45 
3855-05) 1699708 
15.848 698.84 
UDGSES 2 TOES 1/2 
15922 702.15 


Density 
calc 
kg/m? 


739291 
738.86 
737279 
736671 
735 62 
734 52 
73340 
732226 
LEN oN 
729.295 


730-90 
729255 
728.29 
UAV OVE) 
72595 
724.76 
723055 
722.57 
721 058 
720258 
71982 
719206 


721 41 
720210 
718-88 
717263 
716237 
715214 
13297 
712297 
711293 
710685 
710.09 
709235 
708.85 
708.61 


N12077 
711212 
709254 
70821 
70686 
705 248 
704.14 
703 -06 
701 79 
700.63 
699.74 
699.00 
698-62 
698.39 


703231 
701274 
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Density 
Diff. 
b 


012 
012 
012 
012 
012 
ell 
010 
209 
209 
008 


ol] 
210 
209 
008 
208 
007 
207 
007 
206 
209 
209 
009 


010 
210 
010 
009 
208 
007 
206 
006 
207 
eO07 
207 
208 
208 
208 


210 
209 
209 
208 
007 
206 
206 
206 
005 
206 
°06 
°06 
O07 
207 


206 
06 


Pexpt 


MPa 


34.7214 
31.2781 
27-8346 
24.3913 
20.9479 
17.5048 
14.0615 
10.6186 
761754 
327326 


350/939 
31.6219 
27.8341 
24.3910 
20-9477 
17.5047 
14.0615 
11-3072 
8.5527 
521985 
3.27328 
1.6670 


34.9955 
31.2768 
27283532 
24.3900 
20.9466 
17.6413 
14.5424 
11.9258 
9.2401 
62-4857 
4.5578 
26985 
1.4591 
28761 


3623748 
31.9673 
2728550 
24.5919 
20.9485 
17.5053 
14.1999 
11.5833 
8.5533 
5.7991 
327334 
2.0118 
VoUa NA 
26141 


3523418 
31.4162 


P 


calc 


MPa 


37.6015 
34.1200 
30.6798 
2721815 
23.6556 
19.9806 
16.3674 
12.7208 

9.1096 

55597 


3825478 
33.8520 
29-8013 
26 1906 
22 6289 
19.0268 
1524877 
12.6299 
9.8048 
72.6069 
5 04530 
3.3899 


371324 
33.3625 
29.7598 
2621237 
22 29535 
19.0598 
15-6992 
13.0518 
10.4411 
727448 
5 8500 
4.0601 
28237 
22849 


38.3563 
33 «7323 
29.4408 
25 ©8077 
22.2216 
18.5722 
15.1895 
12.5220 
9.4667 
6. 7266 
4.7520 
3.0527 
22083 
1.6608 


36.3798 
32 «5954 


Pressure 
Diff. 
h 


-7.66 
-8.33 
-9.27 
-10.26 
-11.45 
-12.39 
-14.09 
-16.53 
=2 1025 
-32 .86 


-6./6 
6.59 
-6.60 
6.87 
-7-43 
-8.00 
-921 
-10.47 
-12.77 
-23.77 
-31.55 
~50 82 


5215 
6.25 
-647 
—6 64 
-712 
-7244 
-7.57 
-8.49 
-11.50 
-16.26 
-22.09 
-48 55 
-61 .66 


Dre ilt 
—5 235 
5.45 
5.49 
-5./3 
5.14 
6252 
-7.50 
-9.65 
-13.79 
2) 010 
-34.10 
-47.87 
-63-02 


-2.85 
-3.02 


Table 7. (Continued) 


Data sources and ID numbers: (1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomtinson, (24 )Ely, (26)Dittimar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79)Warowny » 

i) Data Weight Temp. Density Density Density Pexpt Poalc Pressure 

Point expt calc Diff. Diff. 

No. K mol/L kg/m? kg/m? v3 MPa MPa b 
403 576 1.000 130.000 15.889 700.68 700.34 205 2729727 28.8070 -2.90 
404 Dill 1.000 130-000 15.855 699.16 698.85 004 24.3917 25.1302 -2.94 
405 578 1-000 130.000 15.821 697-68 697.40 004 20-9484 21.6014 -3.02 
406 579 1-000 130-000 15-746 694.37 694.18 203 1351S 13.9329 -3.03 
407 580 1.000 130.000 15.719 693.16 692.96 203 10.7569 11.1992 -3..95 
408 53] 1.000 130.000 15.690 691.88 691.65 003 728647 8235687 6 02 
409 582 | .000 130-000 15.666 690.82 690.55 004 5 04548 6.0411 -9.71 
410 583 1-000 130.000 15-648 690.05 689.75 004 3.7333 4.3790 <-14.75 
414 584 1 2000 130-000 15-632 689.34 689.01 005 221495 228547 -24.70 
412 585 1.000 130.000 15-625 689.02 688.69 005 1.4609 2 N678 7 ~=352 61 
413 586 1-000 130.000 15.620 688.79 688.46 205 29789 1.6708 -41.41 
414 587 1.000 130.000 15.616 688.64 688.29 005 26277 15527) * =D S160 
701 588 1-000 140.000 15.769 . 695.36 694.91 206 36.7881 37 8574 -2 82 
702 589 1.000 140.000 WDieI27t 695550 % 1, 1695:16 005 32-6560 3324459 ~2 36 
703 590 1-000 140.000 15.684 691.63 691.37 204 28.5239 29.1191 -2.04 
704 59} 1.000 140.000 15.642 689.77 689.55 003 24.3920 24.8962 -2.03 
705 592 1.000 140.000 15.605 688.15 688.00 202 20-9487 21-2887 -1.60 
706 593 1-000 140.000 15-569 686.53 686.41 002 17-5056 17-7504 -1.38 
707 594 1.000 140-000 156534 685.00 684.93 01 14.3378 14.4764 - 96 
708 595 1.000 140.000 15.504 683.70 683.65 201 11.6523 11.7402 -.15 
709 596 1.000 140.000 15-474 682.34 682.52 200 8.8977 8.9381 45 
710 597 1-000 140.000 15.449 681.27 681.21 01 626255 6.7526 -1.88 
711 598 1.000 140.000 15-426 680.23 680-11 202 4.4221 4.6574 -5 05 
712 599 1-000 140.000 152.407 679.42 679.25 203 227005 3.0423 -11.24 
TAS 600 1.000 140.000 15.397 678-95 678-72 203 1.6676 Qe liO2ey Zales) 
714 601 1-000 140.000 15.389 678.61 678-37 203 ©9791 1443535) 327.16 
801 602 1.000 160.000 152354 677.06 676.98 201 36.4438 36.6299 —55)I| 
802 603 1.000 160-000 15.304 674.88 674.82 201 31.9674 320922 -.39 
803 604 1.000 160.000 15.2258 672.82 672.78 01 27-8352 27.9097 -e27 
804 605 1.000 160.000 15.218 671-06 671.04 200 24.3921 24 4340 -el7 
805 606 1-000 160.000 154-178 669.31 669.26 01 20.9487 21-0403 -.44 
806 607 1-000 160.000 15.137 667.48 667.45 201 17.5056 1725700 =.37 
807 608 1.000 160-000 15.094 665.60 665.59 200 14.0623 14.0805 -.13 
808 609 1.000 160-000 15.059 664.06 664.07 -.00 11-3080 11-2808 224 
809 610 1.000 160.000 15.024 662.51 662.52 -.00 825534 8.5273 231 
810 611 1 2000 160-000 14.988 660.92 660.94 -.00 51992 521511 084 
811 612 1.000 160-000 14.960 659.70 659.74 -.01 Bios es) 326738 1.62 
812 613 1.000 160-000 14.938 658-72 658.72 -.00 2.0119 220056 032 
813 614 1.000 160-000 14.924 658.08 658.10 - 00 09791 09517 2 88 
901 615 1.000 180.000 14.963 659.84 659.89 -.01 3724764 3723754 o27 
902 616 1-000 180.000 14.912 .657.56 657365 -.01 3323443 3321734 052 
903 617 1.000 180.000 14.858 655.21 655 «36 -.02 29.2121 28.9623 286 
904 618 1.000 180.000 14.804 652.80 652.99 - 03 25 20803 24.7507 1.33 , 
905 619 1.000 180.000 14.749 650.40 650.55 -.02 20.9483 20.6943 1) 25) 
906 620 1-000 180.000 14.701 648.28 648.46 -.03 17.5052 1722164 1.68 
907 621 1.000 180.000 14.653 646.17 646.35 -.03 14.1308 13.8317 2216 
908 622 { .000 180.000 14.613 644.37 644.55 -.03 11-3076 11.0336 2-48 
909 623 1.000 180-000 14.571 642.53 642.74 -.03 825530 8.2277 3.95 
910 624 1.000 180.000 14.528 640.64 ‘640.90 -.04 5/988 5 4182 7 03 
911 625 1.000 180.000 14.495 639.19 639.48 -.05 3.7330 Sed 12-52 
912 626 1.000 180.000 14.462 637.75 638.035 -.04 1.6671 1.2636 31-93 
he 627 1-000 180.000 14.452 637.28 637.55 -.04 09786 26002 63 04 
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1D 


2901 
2902 
2903 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
2911 
2912 


3001 
3002 
5003 
5004 
3005 
3006 
3007 
5008 
3009 
3010 
3011 
3012 


3101 
3102 
3105 
3104 
3105 
3106 
3107 
3108 
3109 
3110 
3111 
3112 


} 3201 
\ 3202 
| 3203 

3204 
| 3205 


3206 
3207 
3208 
3209 
3210 
3211 
S202. 
3213 
3214 


3301 
3302 


Data sources and |D numbers: 
(13)Cherney, (17)Tomlinson, (24)Ely, 


(79)Warowny 
Data Weight 
Point 

Noe 

628 1.000 
629 1.000 
630 1.000 
631 1.000 
632 1.000 
6355 1.000 
634 1.000 
635 1.000 
636 1.000 
637 1.000 
638 1.000 
639 1.000 
640 1.000 
641 1.000 
642 1.000 
643 1.000 
644 1.000 
645 1.000 
646 1.000 
647 1.000 
648 1.000 
649 1.000 
650 1.000 
651 1.000 
652 1.000 
653 1-000 
654 1.000 
655 1.000 
656 1.000 
657 1.000 
658 1.000 
659 1.000 
660 1.000 
661 1.000 
662 1.000 
663 1.000 
664 1.000 
665 1 000 
666 1.000 
667 1.000 
668 1.000 
669 1-000 
670 1-000 
671 1.000 
672 1-000 
673 1.000 
674 1.000 
675 1.000 
676 1.000 
677 1.000 
678 1-000 
679 1.000 


Tempe 
K 


200 -000 
200-000 
200.000 
200.000 
200-000 
200.000 


200-000 ~ 


200.000 
200.000 
200 .000 
200 -000 
200 -000 


220.000 
220.000 
220-000 
220-000 
220-000 
220-000 
220.000 
220.000 
229.000 
220-000 
220.000 
220.000 


240.000 
240.000 
240.000 
240.000 
240.000 
240.000 
240.000 
240.000 
240.000 
240-000 
240.000 
240.000 


260-000 
260-000 
260-000 
260.000 
260.000 
260-000 
260. 000 
260.000 
260-000 
260-000 
260-000 
260-000 
260-000 
260.000 


275 «000 
275-000 


(1)Virfial Equation, (2)Dawson, 
(26)Dittmar , 


Table 7. 


Density 
expt 
mol/L kg/m? 
14.535 640.95 
14.484 638.70 
14.431 636-38 
14.378 634.02 
TFA 5225 O55 
14.265 629.04 
14.206 626.45 
14.158 624.35 
14.109 622.19 
14.060 619.99 
14.022 618-32 
13.984 616.64 
14.129 623.05 
14.070 620.46 
14.010 617.82 
13-950 615-17 
13.889 612.48 
13-826 609.70 
13.761 606.82 
13-704 604.30 
13.645 601.69 
13.584 599.00 
13.537 596.96 
13-490 594.88 
13.738 605.80 
13-669 602.75 
13.598 599.65 
13-527 596.51 
132454 593.28 
13.379 589.95 
13.301 586.54 
13-236 583-65 
13.166 580.56 
ISGOSE B/N oEXS 
13-035 574.82 
12.976 572.21 
13-320 587.38 
13-245 584.05 
13-166 580.60 
13.101 577.73 
13-034 574.75 
12.964 571.69 
12.893 568.52 
12.818 565.25 
22/59) D6 lre> 
12.676 558.98 
12.611 556209 
W203 * B26) 
12.472 549.98 
12-422 547.77 
13.017 574.00 
12.934 570.35 


(Continued) 


Density 
calc 
kg/m? 


640.72 
638.57 
636 .36 
634.09 
651-74 
629.53 
626.83 
624.77 
622.65 
620.47 
618.7 


617-06 


623.05 
620.58 
618.06 
615.44 
612.74 
609.93 
607.00 
604.57 
602.06 
599.45 
597.42 
595 34 


605.27 
602.48 
599.58 
596.56 
593.41 

590.12 
586.66 
583.77 
580.75 
577258 
575-10 
57252 


587238 
584.18 
580.84 
57805 
575215 
572.13 
568.96 
565.64 
562.15 
559.40 
556-52 
553-51 
550.55 
548.14 


573.85 
570 31 


87 


(XXXX)Haynes, 


Dens I ty 
Diff. 


gf 
P 


204 

202 

200 
-.01 
- .03 
-.05 
-.06 
-.07 
-.07 
-.08 
-.08 
-.07 


-00 
-.02 
-.04 
-.04 
-.04 
-.04 
-.03 
-.04 
-.06 
-.07 
-.08 
-.08 


209 

205 

201 
-.01 
- 02 
-.03 
- 02 
-.02 
-.05 
-.04 
-.05 
-.05 


-.00 
- 02 
-.04 
- 06 
-.07 
-.08 
-.08 
-.07 
-.07 
-.08 
-.08 
-.07 
-.07 
-.07 


203 
01 


(3)Beattie, 


(51,52)Thomas, 


Pexpt 
MPa 


34.7203 
31-2770 
27-8534 
24.3903 
20.9469 
17.5038 
14.0606 
11.3062 
8.5516 
52/974 
327317 
1.6657 


34.7208 
31.2774 
27.8339 
24.3908 
20 29474 
17.5043 
14.0610 
11.3067 
8.5521 
51979 
327321 
1.6662 


34-7217 
312784 
27 -8348 
24.3916 
20-9482 
17.5052 
14.0619 
11.3076 
8.5530 
5- 7988 
3.7331 
1.6672 


34.7213 
31.2780 
278346 
25 0801 
22.3253 
19.5709 
16-8163 
14.0619 
11-3076 
9.2417 
7.1760 
521103 
3.0445 
1 6673 


34.7209 
31-2776 


(4)Deschner, 


(5)Reamer, 


(78)Teichmann, 


35 «0966 
31.4860 
27.8681 
24.2837 
20 6993 
17.0986 
13-5460 
10.7260 
729584 
522118 
321679 
121720 


34.7474 
31-1005 
27-5096 
24.0357 
20.6331 
17.2305 
13.8545 
11.0074 
8.1566 
5 «3387 
3.2695 
1.2194 


35 ©5947 
31.6114 
27 69215 
24.3384 
20.8073 
1723376 
13.9583 
11.1980 
8.3877 
5.6083 
325014 
1.4215 


34.7204 
31.1370 
2725877 
24.7671 
21.9556 
19.1867 
16-4449 
13.7433 
11.0035 
8.9328 
6.8732 
4.8477 
2.8122 
1.4397 


34.8709 
31-3188 


Pressure 
Diff. 
b 


-1.07 
-.66 
-.12 

244 
1.20 
2.57 
3.80 
5-41 
745 

11.24 

17.80 

42.13 


-.08 
257 
1.18 
1.48 
1.52 
1.59 
1.49 
22/2 
4.85 
8.60 
14.15 
36264 


ID 


5505 
3304 
3305 
3306 
3307 
3308 
3309 
3310 
3311 
Sil 2: 
33513 
3314 


340i 

3402 
3403 
3404 
3405 
3406 
3407 
3408 
3409 
3419 
3411 

3412 
3413 
3414 


2801 

2802 
2803 
2804 
2805 
2806 
2807 
2808 
2809 
2810 
2811 
2812 
2813 
2814 


Data sources and |D numbers: 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Telchmann, 


(79) Warowny » 


Data 
Point 
Noe 


680 
681 

682 
683 
684 
685 
686 
687 
6838 
689 
690 
691 


692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 


706 
707 
708 
709 
710 
711 

712 
713 
714 
We) 
716 
TAL 
718 
719 


Weight 


1.000 
1-000 
1.000 
1.000 
1.2000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 


1.000 
1 2000 
1.000 
1-000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1-000 
1-000 
1-000 
1-000 


1-000 
1.000 
1.000 
1.000 
1.000 
1-000 
1-000 
1.600 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Temp. 
K 


275 2000 
275 2000 
275.000 
275.000 
275.2000 
275.900 
275.000 
275 000 
275.2000 
2752000 
275.000 
275 -000 


290-000 
290.000 
290.000 
290 900 
290-000 
290 -000 
290 -000 
290 2000 
290 -000 
290 .000 
290.000 
290 -000 
290.000 
290.000 


300.000 
300 000 
300-000 
300-000 
300-000 
300 -000 
300-000 
300.000 
300-000 
300 -000 
300.000 
300.000 
300.000 
300 -000 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 


Densi 
expt 
mol/L 


12.846 
12.774 
12.697 
12.617 
12-536 
12.451 
12.361 
12.288 
12.210 
M227, 
12.051 
11.974 


12.702 
12.608 
12.511 

12-428 
12.342 
12.251 

12.156 
12.057 
11.949 
11-864 
11.2773 
11.672 
11.581 

11-486 


122495 
12.395 
12.288 
12-201 
122109 
12-011 
11-904 
11-790 
11.670 
Ue 73 
11-462 
11-348 
11.265 
11.174 


ry 
kg/m 


566249 
563.28 
559289 
556 039 
552-80 
549.05 
545 09 
541.88 
538243 
534.74 
531.43 
52801 


560.13 
555297 
551.69 
548.06 
544.25 
340.24 
536-06 
531.66 
526 92 
523-17 
51915 
514.71 
510.69 
506 «50 


550292 
546.57 
541.86 
538 202 
533299 
529.64 
524.95 
519.92 
514.61 
510232 
505.42 
500 42 
496.73 
492.75 


Density 
calc 


kg/m? 


566.58 
563.46 
560.19 
5562/5 
5530135 
549.31 

545.24 
542.01 

533.59 
534.98 
531.79 
528.41 


56022 
556.29 
552.12 
548.61 
544.90 
540.99 
536-82 
532.38 
527.259 
523.74 
519.63 
515-20 
51123 
506 94 


551.07 
546.84 
542 236 
538.55 
534.52 
530-23 
525.64 
52070 
515.34 
510.98 
506-26 
501.12 
497.40 
493.40 


88 


Density 
Diff. 
b 


~.02 
03 
-.05 
-.07 
-.06 
-.05 
“= .03 
202 
-.03 
-.04 
-.07 
-.08 


-.02 
-.06 
- 08 
-.10 
-.12 
-.14 
-.14 
= 615 
-.13 
-oll 
- 09 
-.10 
-.10 
-.09 


-.035 
-.05 
=.09 
-.10 
-.10 
-.11 
-.14 
-.15 
-.14 
-.15 
-el7 
-.14 
-.13 
-.13 


Pexpt 


MPa 


27-8341 
2320796 
22.3248 
19.5704 
16.3157 
14.0612 
11.5070 
9.2410 
701752 
521095 
33880 
1.6665 


34.7213 
3122781 
27.8346 
25.0802 
22-3255 
19.5710 
16.8164 
14.0622 
11.3077 
9.2418 
721761 
5.21104 
3.5888 
126674 


34-7209 
3122776 
2728341 
2520795 
2225248 
19-5703 
16.8157 


14.0613 ° 


11-3070 
9.2410 
761752 
521095 
327324 
23551 


Peale 


MPa 


27-7497 
24.9305 
22.0817 
19.2874 
16.5724 
13.8837 
11.2077 
9.1659 
720791 
4.9791 
322015 
124695 


34.6376 
31.9094 
27-4860 
24.6626 
21.8570 
19.0643 
1623323 
13.6379 
10.9363 
8.9475 
6.9438 
4.8915 
3.1678 
1.4977 


34.6014 
31.0625 
27.4645 
24.7096 
21.9737 
19-2037 
1624035 
13.6454 
10.9489 
8.9427 
6 8236 
4.8428 
324948 
2.1398 


Pressure 
Diff. 
Gg 


7) 


250 
260 
1.10 
1.47 
1.47 
1.28 
°89 
282 
1.36 
2.62 
5282 
13-41 


024 
287 
1.27 
1.69 
2014 
2.66 
2296 
3011 
3.40 
329 
3534 
4.47 
6.98 
11.33 


0355 
269 
1.35 
1250 
1.60 
1.91 
2.51 
3.05 
3.27 
3034 
5015 
5251 
6.80 
10.06 


1D 


Table 7. 


(Continued) 


Data sources and ID numbers: (1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24) Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 
(79) Warowny « 
Data Weight Temp e Density Denstty Density Pexpt Peale | Raessune 
Point exp calc Diff. Diff. 
No. K mol/L kg/m kg/m b MPa MPa t 
932 1.000 288.263 11.518 507.93 507.82 -02 -9950 1.0384 -4.18 
933 1.000 288.981 11.518 507.92 507-80 002 1.4087 1.4541 -3.12 
934 1.000 291-393 11.518 507.91 507-76 003 2.7986 2 8591 —2.12 
935 1.000 2932489 JTdSIS. S075 BOW GT 003 4.0067 4.0744 -1.66 
936 1.000 296.555 11.517 507-87 507.68 204 561744 5 8539 -1.36 
937 1.000 300.104 11.516 507.84 507 64 004 728212 7 ©9082 -1.10 
938 1.000 303.696 11.516 507.82 507.61 204 9.8936 9.9888 -.95 
939 1.000 307.131 MeSii5) > S07 790s 507.58 004 11.8760 11.9708 -.79 
940 ] .000 310.771 11.515 DOU GUT UN XO Sei 004 13.9780 14.0735 -.68 
941 1.000 314.179 11.514 507.74 507-56 004 15.9460 16.0341 255 
942 1.000 317.799 11.514 507.72 507.56 203 18.0380 18.1195 -.45 
943 1.000 321.470 MS SISIy YS07690%) 507/56 203 20-1600 20.2263 =.535 
944 1-000 2772973 11.837 521.97 521.90 01 D517 25835 5.45 
945 1.000 278.268 1 8Si7; 521.97 521.90 001 /419 7741 4.16 
946 1.000 280.501 Me 8SOn > D295 521.89 001 2.1805 22070 -1.20 
947 1.000 283.701 TR SSOn D295)" 7D S2N88 001 4.2392 4.2611 =251 
948 1.000 288.949 tilrs)855 521.88 521.87 200 7.6082 726135 =.07 
949 1.000 294.597 11.834 521.84 521.85 -.00 11.2241 11.2173 206 
950 1.000 299.983 TMBSSir W521 s8O 521 84 -.01 14.6620 14.6428 013 
951 1.000 308 . 342 11.832 521.74 521.80 -.01 19.9780 19.9412 -18 
952 1.000 319.913 JloSBO:  “ B2 i 6ee) 521.76 -.02 27-3000 272340 024 
953 1.000 2672752 12.155 536.01 53579 004 24041 05227 8-22.69 
954 1.000 268.361 255 536.00 535.78 004 »8370 29521 -12.09 
955 1.000 269.318 12.155 536-00 535.78 204 1.5169 1.6348 -7.2) 
956 1.000 270.036 12.155 599i) 15 55\0/8 004 2.0268 221413 5.35 
957 1-000 271-190 LZol DD “Soe Dso7/7/ 204 2.8457 229581 -3.80 
958 1.000 273.224 12.154 DIDO DDSI 004 4.2877 4.3946 ~2.43 
959 1.000 275.321 12.154 535.95 555\. 16 004 D6 VTA 5.8794 ~-| .82 
960 1-000 277.253) P25 3 DDDOSE) ve D215) °03 723345 724365 ~1.37 
961 1.000 280.521 (Zola = Fass I5l0) 555.74 003 9.4447 9.5375 -.97 
962 1.000 283.740 12.152 Das  — VI Dos 203 11.7120 11.8018 -./6 
963 1.000 287-984 12.151 535.84 535-71 002 14.6930 14.7714 -.53 
964 1.000 293.573 2 50k eS bi SON Py 95551469 202 18.6070 18.6775 -.38 
965 1.000 299.091 [Zola SS) 387/3) SS 9567/ 002 22.4570 22.5134 -.25 
966 1.000 304.757 WZ NAST 5556705) 155504 001 26-3950 26 4392 -.17 
967 | -000 312-701 12 AV SS Di O4iee 155 516)59) 001 31.8910 31.9273 oll 
968 1.000 323.740 12.2145 535.55 535.52 01 3924790 39.5054 -.07 
969 1.000 258.574 12.446 548.83 548.46 007 ° 7550 09794 -22.91 
970 1.000 260.283 12.446 548.82 548.47 006 2.0907 2.3072 -9.38 
971 1.000 264 687 12.445 548.78 548.49 005 5.5231 5.7107 =3.29 
972 1.000 269.2204 122444 548.74 548.50 04 9.0289 9.1889 -1.74 
973 1.000 273.221 12.443 548.70 548.50 004 12.1340 12.2680 -1.09 
974 1.000 278-846 12.442 548.65 548 50 203 16.4630 16-5672 - 63 
975 1.000 283.771 12.441 548.61 548.50 202 20.2350 20.3188 -.41 
976 1.000 288.215 12.440 548.57 548.48 002 23 6230 23 -6893 -.28 
977 1-000 293.359 12.439 548.53 548.46 201 27-5270 27.5819 -.20 
978 1-000 297.819 12.438 548.49 548.43 01 30.8960 30.9413 =.15 
979 1.000 300.501 12.438 548.46 548.42 201 3229150 32.9515 11 
980 1.000 305-386 12.437 548.42 548 .38 01 36-5800 36.6151 -.10 
981 1.000 310.827 12.4355 548.37 548.33 01 40.6410 40.6767 -.09 
982 1.000 250-200 12.689 559.53 559.02 209 °/767 1.1235 -30.87 
983 1.000 251 067 12.688 559.52 559.04 009 1.5143 1.8463 -17.98 
984 1.000 2512924 12.688 559.51 559.05 08 222426 2 25600 -12.40 
985 i -000 253.890 12.688 559.49 559.08 007 329104 4.1969 —6 .83 
986 1-000 258.311 12.687 559.45 559.14 206 726451 7.8699 -2.86 
987 1.000 263-206 12.686 559.40 559.19 004 11-7550 11-9142 -1.34 


89 


1D 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


Data sources and ID numbers: 
(17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(13)Cherney, 
(79) Warowny e 
Data Weight 
Polnt 
Noe 
988 1.000 
989 1.000 
990 1.000 
991 1.000 
992 1.000 
993 1-000 
994 1.000 
995 1.000 
996 1.000 
997 1.000 
998 1.000 
999 1.000 
1000 1.000 
1001 1.000 
1002 1.000 
1003 1.000 
1004 1.000 
1005 1 2000 
1006 1.000 
1007 1-000 
1008 1.000 
1009 1.000 
1010 1.000 
1011 1.000 
1012 1.000 
1013 1-000 
1014 1.000 
1015 1.000 
1016 1.000 
1017 1.000 
1018 1.000 
1019 1.000 
1020 1.000 
1021 1.000 
1022 1.000 
1023 ] -000 
1024 1.000 
1025 1.000 
1026 1.000 
1027 1-000 
1028 1.000 
1029 1.000 
1030 1.000 
1031 1.000 
1032 1.000 
1033 1.000 
1034 1.000 
1035 1.000 
1036 1.000 
1037 1.000 
1038 1.000 
1039 1.000 
1040 1.000 
1041 1.000 
1042 1.000 
1043 1-000 


Temp « 
K 


2632239 
268-014 
276292 
283-484 
294.455 
2472621 
247.734 
248.490 
248.673 
2492310 
25023533 
251 -088 
252.974 
255.995 
258-548 
263.440 
268.197 
273 360 
278.376 
28323) 
288.691 
2932107 
297.2847 
247.820 
248.646 
250-345 
252.131 
2542247 
256-785 
259.619 
262.510 
265 495 
268.171 
271.181 
2762240 
281.440 
286.945 
286.968 
2912062 
296-653 
235-542 
2362163 
2372116 
237.2986 
2392626 
242.193 
245.2592 
249.203 
252.2921 
2562518 
260.718 
264 442 
267-990 
232.965 
234.603 
234.672 


Tabie 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 


Density 
ex 
mol/L kg/m? 
12.686 559.40 
12.685 559.36 
12.6835. 559.28 
12.681 559.21 
12.679 559.11 
12.742 561.87 
12.742 561.87 
12.742 561.87 
12.741 561.86 
12.741 561 -86 
12.741 561-85 
122741 561-84 
12-740 561.82 
12.740 561.79 
V2 759%) (DS 6N ei 7, 
12.738" S616 72 
126757) 561) 68 
12-736 561.63 
126 1552" Y 561.58 
V2 SAM SD Olhs DD 
12.733") 561.48 
12.732 561.44 
12.751 561.40 
(25715 2565.26 
P2271 TSI 65626 
120775)" 565.24 
2eTI2™ OSi622 
12.772 563.20 
12.771 563.18 
12.771 56315 
V2.7 100%" 565 612 
12-769 563.09 
2s 1699%" 565/07, 
12-768 563.04 
12.767 562.99 
12-766 562.94 
12.765 562.89 
12.765; * »562'.89 
12.764 562.85 
126765) ml 1562.680 
13.073 576.47 
13-072 576.46 
(5 O7225 576645 
13.072 576.44 
13.072 576.43 
13.071 576240 
13 sO70K 1 (S766 S7 
13-070 576.33 
13.069 576.29 
13.068 576.25 
13.067 576621 
13.066 576.17 
130 6DRe 1D Gio 5 
13.169 580.70 
13-168 580.69 
13-168 580.69 


Density 
calc 
kg/in 


559.19 
559-22 
559 23 
559.21 
559.13 
561.45 
561.245 
561.46 
561.46 
561.47 
561248 
561 49 
561.25] 
561.53 
561.55 
561.58 
561.59 
561.60 
561.59 
561.57 
561.53 
561.49 
561.44 
563-03 
563.04 
56305 
563-06 
563.07 
563.08 
563.09 
56310 
563.210 
563611 
56311 
563.10 
563.08 
563-05 
56305 
563-02 
562.97 
57624 
576225 
57627 
57629 
576632 
57636 
576359 
57642 
576 43 
576-42 
576039 
576.35 
57629 
580.12 
580.14 
580.14 


90 


Density 
Diff. 
% 


204 
003 
re} 
-.00 
-.00 
008 
208 
207 
007 
007 
007 
206 
206 
005 
004 
002 
002 
001 
-.00 
-.O01 
-.01 
-.01 
-.01 
004 
«04 
003 
003 
002 
202 
201 
200 
-.00 
-.0] 
-.01 
-.02 
-.02 
~- 03 
-.03 
-.03 
-.03 
204 
004 
003 
003 
202 
001 
- 00 
-.02 
-.02 
- 03 
-.03 
-.03 
- 05 
010 
209 
209 


Pexpt 
MPa 


11.7830 
15.7660 
22.6120 
28 «4990 
373690 
02571 
03546 
1.0065 
1.1642 
127130 
225934 
322424 
4.86012 
724466 
9.6241 
13.7810 
1727930 
221250 
26 5070 
30.3300 
34.8260 
38 «4390 
42.2950 
1.5453 
222614 
327322 
5 2154 
720999 
9.2327 
11-7130 
14.1840 
16.7280 
19.0010 
21.5500 
25-8150 
30.1730 
34.7600 
34.7790 
381720 
42.7790 
24570 
1.0563 
1.9745 
228112 
4.3844 
628563 
10.0630 
13.4660 
16.9440 
20.2830 
24.1490 
27.5490 
30-7630 
1.1792 
2.7885 
228562 


Peale 


MPa 


11.9417 
158760 
22.6495 
28.4958 
3723553 
05525 
26493 
1.2965 
1.4460 
1.9909 
2 8580 
324955 
50893 
726374 
9.7889 
13.8879 
17.8629 
22.1530 
26 035014 
30.2986 
34.7805 
38-3917 
42.2569 
1.7064 
224196 
3.8702 
5 «5930 
721962 
9.3570 
11.7576 
14.2002 
16-7160 
18.9711 
2124952 
252/229 
30-0506 
34.6146 
34.6338 
38.0122 
42.6127 
26449 
We225y/ 
21205 
2.9358 
4.4775 
628728 
10.0417 
13.3880 
16-8206 
20-1276 
23.9797 
21 eS, 
30.6017 
1.6707 
3.2595 
323267 


Pressure 
Diff. 
ra 


-1 55)5) 
-.69 
-.17 

201 

004 
53.47 
-45.39 
-22 25] 
-19.49 
-13.96 

-9226 

-7.24 

-4.48 

-2.50 

-| 068 
-.// 
- 39 
-.13 

«02 
010 
o13 
e12 
209 

-9.44 

-6.54 

=3.57 

~2.18 

-| 034 
-./9 
-.58 
-.1 i 

007 
016 
025 
2356 
41 
242 
042 
242 
259 
-29.13 
-13.82 

-6.89 

-4.24 

-2.08 
-.53 

e2l 
058 
a3 
e//7 
e/) 
063 
0595 
-29.42 
-14.45 
-14.14 


1D 


Data sources and ID numbers: 


(79) Warowny 
Data Weight 
Point 

Noe 

1044 1.000 
1045 1-000 
1046 1.000 
1047 1.000 
1048 1-000 
1049 1.000 
1050 | .000 
1051 1.000 
1052 1.000 
1053 1.000 
1054 1.000 
1055 1.000 
1056 1-000 
1057 1.000 
1058 1.000 
1059 1000 
1060 1.000 
1061 1.000 
1062 1-000 
1063 1.000 
1064 1.000 
1065 1.000 
1066 1.000 
1067 1-000 
1068 1-000 
1069 1-000 
1070 1.000 
1071 1.000 
1072 1-000 
1073 1.000 
1074 1.000 
1075 1.000 
1076 1.000 
1077 1.000 
1078 1.000 
1079 1.000 
1080 1.000 
1081 1.000 
1082 1-000 
1083 1 -000 
1084 1-000 
1085 1-000 
1086 1.000 
1087 1.000 
1088 1.000 
1089 1-000 
1090 1-000 
1091 1.000 
1092 1-000 
1093 1-000 
1094 1-000 
1095 1.000 
1096 1.000 
1097 1.000 
1098 1.000 
1099 1.000 


Temp 
K 


236.345 
238.2154 
235921793 
242.380 
245.001 
249.556 
254.065 
258.913 
263-566 
268.618 
2732058 
226-866 
228.670 
230.980 
234.058 
237362 
242.108 
247 2594 
250.151 
254 26635 
2582294 
261.963 
265-574 
218.855 
219.585 
221-230 
223.680 
226125 
227.750 
228.861 
229.601 
231.940 
234.664 
238-083 
242.385 
246-702 
251325 
256 596 
211.641 
212.694 
214.101 
217-902 
222-089 
225.450 
23023) 
235.520 
241.297 
244.776 
2472542 
2052755 
207.2297 
209.435 
2122526 
216.578 
220.157 
225 334 


Table 7. 


(Continued) 


()Virtal Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Telchmann, 


Density 
expt 
mol/L kg/m? 
13.168 580.67 
13.167 580.65 
13.167 580.63 
13-166 580.60 
13-166 580.58 
13-165 580.53 
13-164 580.48 
132.163 580.43 
13.161 580.38 
13.160 580.33 
13-159 580.28 
132.315 587.16 
13.315 587.14 
13-314 587.12 
132.313 587-08 
132313 587.06 
13.311 587.00 
13-310 586.94 
13.309 586.91 
13.308 586.86 
13.307 586.82 
13-306 586.76 
13-306 586.74 
132516 596.03 
13.516 596.02 
132516 596.00 
13-515 595.98 
13.514 595.95 
13.514 595.93 
13.514 595.92 
132.514 595.91 
(So Di55 95 388 
13-512 595.85 
13-511 595 .81 
13-510 595.76 
13-509 595.71 
13.508 595.66 
13.507 595.60 
13-696 603.95 
13.696 603.94 
13-695 603.92 
13-694 603-87 
13-693 603.82 
13-692 603.78 
13.691 603.72 
13.689 603.66 
13.688 603.59 
13-687 603.55 
13-686 603-51 
13.857 611.05 
13.856 611.03 
13.856 611.01 
13.855 610.97 
13-854 610.91 
13-853 610.87 
13-851 610.80 


Density 
calc 
kg/in? 


580.16 
580.18 
580.19 
580 22 
580.23 
580.26 
580.26 
580.26 
580.25 
580 21 
580.18 
587.03 
587205 
587.09 
587.12 
58715 
587.19 
587.22 
587.23 
587 25 
58722 
587.21 
587.19 
595.70 
595.71 
595 74 
595.77 
595 81 
595 83 
595.84 
595.85 
595.88 
595.91 
595 693 
595 96 
595.97 
595 .98 
595.97 
603.33 
603.35 
603.37 
603 43 
603.49 
603 53 
603.61 
603 663 
603.66 
603-67 
603 68 
610.99 
611.02 
611.06 
611611 
611.18 
611.22 
611.27 


91 


Density 
Diff. 
3 


209 
208 
08 
207 
06 
005 
004 
003 
202 
202 
202 
002 
Pae) | 
001 
-.01 
-.02 
-.03 
-.05 
-.05 
-.06 
-.07 
-.08 
-.08 
006 
205 
004 
003 
002 
202 
001 
201 
200 
-.01 
-.02 
-.03 
-.04 
-.05 
-.06 
210 
010 
209 
007 
005 
004 
202 
001 
-.01 
-.02 
-.03 
001 
200 
~e 01 
-.02 
-.04 
-.06 
-.08 


Pexpt 
MPa 


4.4938 
6.2641 
78622 
10.3770 
12-9150 
17-3020 
21-6150 
26.2210 
30-6100 
35.3390 
39.4660 
1.1092 
229726 
523514 
8.5084 
11.8810 
16-6960 
22-0190 
2427790 
29.2690 
32.8600 
36 4690 
40.0010 
°//79 
1.5821 
33908 
6.0763 
8.74635 
10.5150 
11.7220 
12.5250 
15.0560 
17.9930 
21-6610 
262480 
30-8200 
35 «6820 
41.1820 
04075 
1.6320 
32652 
726602 
12-4730 
16-3140 
21.7740 
27.7060 
34.1620 
38.0220 
41.0760 
1.7649 
3 6606 
6.2801 
10.0490 
14.9560 
19.2590 
2524320 


Peale 


MPa 


4.9357 
6.67/70 
8.2479 
10.7225 
13.2315 
17.5603 
21 68236 
26 » 3885 
30.7468 
35-4606 
39.5783 
1-227) 
30503 
523837 
8.4694 
11-7900 
1625067 
21-7555 
24.4515 
28.8779 
3224248 
359737 
39.4965 
1.1014 
1.8853 
3.6510 
62828 
8.8900 
10.6179 
11.8008 
12.5842 
15.0571 
17.9328 
21-5256 
2620254 
30-5180 
35 «3086 
40.7376 
120574 
222571 
38500 
8.1396 
12-8420 
16.5964 
21.9035 
277432 
34.0721 
37-8649 
40.8589 
1.8348 
3 26728 
62222 
9.8797 
14.6384 
18.8327 
24.8468 


Pressure 
Diff. 
i 


-8.95 
-6.18 
-4.68 
-3.22 
-2.39 
-1 47 
- 96 
-.635 
-.44 
-.54 
-.28 
-9.60 
-2 095 
-.60 
246 
oJ] 
1.15 
1.30 
1.34 
e355 
1.34 
1.38 
1.28 
-29.37 
-16.08 
-7.13 
-3.29 
-1 62 
-.97 
=e. 67 
-47 
-.01 
254 
063 
«86 
099 
1.06 
1.09 
-61 247 
-27./0 
=iiDieili9 
-5 89 
-2.87 
-1 /0 
-.59 
=O) ] 5) 
26 
°41 
053 
-3 081 
- 353 
2935 
1.71 
2.17 
2-26 
2.36 


1D 


Data sources and ID numbers: 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79) Warowny e 
Data Weight 
Potnt 

Noe 

1100 1-000 
1101 1.000 
1102 ] .000 
1103 1.000 
1104 1.000 
1105 1.000 
1106 1.000 
1107 1.000 
1108 1.000 
1109 1.000 
1110 1.000 
1111 1.000 
1112 1.000 
bees 1.000 
1114 1.000 
WS 1.000 
1116 1.000 
NLT, 1.000 
1118 1.000 
1119 1.000 
1120 1.000 
1121 1.000 
1122 1.000 
2S 1.000 
1124 1.000 
1125 1.000 
1126 1-000 
W227 1.000 
1128 1-000 
1129 1.000 
1130 1.000 
1131 1.000 
1132 1.000 
TSS 1.000 
1134 1.000 
1135 | .000 
1136 1.000 
RESTA 1-000 
1138 1-000 
1139 1.000 
1140 1.000 
1141 1.000 
1142 1-000 
1143 1.000 
1144 1.000 
1145 1.000 
1146 1-000 
1147 1.000 
1148 1.000 
1149 1.000 
1150 1.000 
1151 1.000 
1152 1.000 
W1DS, 1.000 


Tempe 
K 


227.547 
230-819 
2352224 
237320 
1991.37, 
200 -472 
202.817 
206 2391 
210-980 
2162347 
2162464 
221.205 
225 885 
231.094 
192.615 
193.111 
195.904 
197-140 
199.390 
202 .609 
205.926 
209 2500 
Ziel Si 
215.014 
217.285 
220119 
184.715 
185.973 
187.725 
189.954 
194.865 
198.151 
204.051 
208.548 
213-736 
17725351 
179.819 
181.543 
183-330 
187.888 
190.854 
194.795 
198.915 
201.433 
204.618 
166.227 
167.461 
168.747 
171.053 
174.434 
178.3735 
182.557 
187.796 
189.817 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 


Density 
expt 
mol/L kg/m 
13.851 610.278 
135850) 5 1610075 
13.848 610.68 
13.848 610.65 
13.991 616.96 
13.990 616.94 
13.990 616.91 
13.989 616.86 
13.987 616.80 
13.986 616.75 
13.985 616.72 
13-984 616-66 
13.983 616.60 
15.981 - 616.53 
14.155 624.19 
14.155 624.19 
14.154 624.15 
14.154 624.153 
14.153 624.10 
14.152 624.05 
14.151 624.01 
14.150 623.96 
14.149 623.91 
14.148 623.88 
14.147 623.85 
14.146 625.81 
14.340 632.34 
14.339 632.32 
14.3539 632.230 
14.338 632.26 
14.3536 632.19 
14.3355 6352.14 
14.333 632.05 
14.352 631.99 
14.330 631.91 
14.524 640.48 
14.523 640.44 
14.523 640.41 
14.522 640.39 
14.521 640.32 
14.520 640.27 
14.518 640-21 
14.517 640.15 
14.516 640-11 
14.515 640.06 
14776-65160 
14.776 651-58 
14.776 651.56 
14.7 73di 6D MeD2 
14.773 6514-46 
14.772 651.39 
14.770 651.32 
14.768 651.24 
14.768 651.221 


Density 
calc 
kg/m? 


611.28 
611.29 
611.30 
611.30 
617.01 
617.04 
617.08 
617-16 
617.23 
617.29 
617226 
617.10 
617.232 
617.32 
624.28 
624.29 
624.36 
624.39 
624.44 
624.50 
624.55 
624.60 
624.64 
624.65 
624.67 
624.68 
632 636 
632-40 
631-97 
632.49 
632.60 
632.66 
6322/5 
632.79 
632 «82 
640.55 
640.62 
640.67 
640.71 
640.81 
640.87 
640.94 
640.99 
641.01 
641 .03 
651.57 
651.61 
651 665 
651.73 
65182 
651.92 
652.00 
652.08 
652-10 


92 


Density 
Diff. 
3 


-.08 
-.09 
-.10 
-.11 
-.01 
-.02 
-.03 
-.05 
-.07 
- 09 
-.09 
-.07 
-.12 
-.13 
-.01 
-.02 
-.03 
-.04 
-.05 
-.07 
-.09 
-.10 
-.12 
-.12 
-.15 
-.14 
-.00 
-.01 

205 
-.04 
-.06 
-.08 
-ell 
-.13 
-.14 
-.01 
-.03 
-.04 
05 
‘=.08 
-.09 
oe, 11 
-.13 
-.14 
-.15 

001 
-.00 
-.01 
-.03 
-.06 
-.08 
-.10 
-.13 
-.14 


Pexpt 
MPa 


2820520 
31-9060 
3720550 
39.4890 
05578 
22353 
5 22383 
9.7993 
15.6020 
223260 
22.4300 
2820310 
34.0430 
40.3660 
09162 
1.5904 
503135 
729407 
10.0650 
14.3660 
18.7680 
2324770 
28.2320 
30.6720 
33-6100 
37.2570 
06163 
2243500 
4.2992 
821375 
1521110 
19-7550 
2729550 
34.1470 
41.2140 
1.23550 
51280 
727509 
10.4590 
17-3130 
21.7550 
2725610 
33.5930 
3722500 
41.8440 
0/035 
227642 
4.9045 
8.7235 
14.2790 
2026850 
2724110 
35.7200 
38.8920 


Peale 


MPa 


27.4169 
3121770 
36 «2358 
386247 
24838 
2.1178 
520287 
9.4371 
15.0640 
2125934 
21.7241 
2724494 
330622 
39.2628 
-8001 
1.4585 
521041 
6.7082 
9.6273 
13.7738 
18.0378 
2225969 
27-2110 
2925762 
32.4378 
3529917 
05835 
23255 
4.7519 
7.8130 
14.5290 
18.9841 
26.9183 
32-9261 
39/878 
1.2502 
4.8634 
723727 
9.9802 
16.5602 
20.8033 
26-4145 
3222424 
3527785 
40.2308 


07954. 


2.7174 
4.7569 
8.3916 
13-6830 
19.7969 
26-2425 
34 2506 
373200 


Pressure 
Diff. 
hb 


2-32 
2.34 
2226 
224 
11.16 
5255 
4.17 
3.84 
3.57 
3239 
325 
212 
2297 
2.81 
14.52 
9.05 
5-28 
4.96 
4.55 
4.30 
4.05 
3.89 
32/5 
3.71 
3-61 
Biz 
5 63 
4.49 
-9.55 
4.15 
4.01 
3.96 
3.85 
3.71 
3258 
8.38 
5.44 
5213 
4.80 
4.55 
4.48 
4.34 
4.19 
4.11 
4.01 
-6 91 
1.72 
3.10 
3.95 
4.36 
4.49 
4.45 
4.29 
4.21 
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Data sources and ID numbers: 


(1)Virial Equation, (2)Dawson, (3)Beattie, 


Table 7. 


(Continued) 


(4)Deschner, 


(5 )Reamer, 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79) Warownye 
Data Wei ght 
Point 

No. 

1154 1-000 
1155 1.000 
1156 1.000 
1157 1.000 
1158 1.000 
1159 1.000 
1160 1.000 
1161 1.000 
1162 1-000 
1163 1.000 
1164 1.000 
1165 1-000 
1166 1-000 
1167 1.000 
1168 1-000 
1169 1.000 
1170 1.000 
1171 1.000 
1172 1.000 
1173 1.000 
1174 1.000 
1175 1-000 
1176 1.000 
UDAY 1.000 
1178 1.000 
1179 1.000 
1180 1.000 
1181 1.000 
1182 1.000 
1183 1.000 
1184 1.000 
1185 1.000 
1186 1.000 
1187 1.000 
1188 1.000 
1189 1.000 
1190 1.000 
1191 1.000 
1192 1-000 
1193 1.000 
1194 1.000 
1195 1.000 
1196 1.000 
1197 1.000 
1198 1.000 
1199 1.000 
1200 1.000 
1201 1.000 
1202 1.000 
1203 1.000 
1204 1-000 
1205 1-000 
1206 1.000 
1207 1.000 
1208 1.000 
1209 1.000 


Tempe 
K 


310.928 
310-928 
310.928 
310-928 
310.928 
3102928 
310-928 
310.928 
310.928 
310-928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
3102928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
327.594 
327.594 
327.2594 
327.594 
3272594 
327.2594 
327.594 
3272594 
327.594 
327.2594 
327.594 
327-594 
327.594 
327 2594 
327.2594 
3272594 
327.594 
327.594 
3272594 
327.594 
3272594 
327.2594 


Density 
expt 
mol/L kg/m? 
2040 1.75 
0054 2-40 
2082 3.63 
e111 4.89 
2140 6.18 
2170 7.49 
2232 10.23 
2297 13-12 
2586 17.00 
0481 21.22 
10-710 472.29 
10.782 475.48 
10.830 477.57 
10.885 480.01 
10.937 482.30 
11.032 486.46 
112121 490.41 
112224 494.96 
11-326 499.44 
11.400 502.69 
11-493 506.79 
11.557 509.64 
11.648 513.63 
11-734 517.45 
11.783 519.59 
11.942 526.62 
12.050 531.35 
12.145 535.58 
12.257 540.50 
12.475 550.10 
12.3655! 5D 7/1116 
12.778 563.50 
12.906 569.10 
13.058 575.83 
2038 1-66 
0051 2.27 
2078 3.43 
0105 4.61 
2132 5 82 
e160 7204 
e217 9.57 
e277 12.21 
2356 15.68 
e440 19.38 
2629 27272 
10.018 441.76 
10.115 446.03 
10.198 449.71 
10.275 453.12 
10-416 459.33 
10-538 464.69 
10.675 470.73 
10.805 476.46 
10.905 480.88 
11.015 485.72 
11-106 489.75 


Density Density 
calc Diff. 
kg/m? 4 

1.76 -.29 
2-40 -.52 
3.64 -.36 
4.91 -.39 
620 -.40 
Ted2 -.40 
10.26 ~5/] 
13.215 -.28 
17.01 -.05 
21 21 204 

471.25 222 

474.03 e351 

476.65 019 

479.14 018 

481.51 16 

485.95 010 

490.05 207 

494.77 004 

499.13 206 

503.18 -.10 

506-98 - 204 

510.55 -.18 

513.93 -.06 

517-14 206 

520.19 -.12 

525.292 013 

531.19 203 

536.10 -.10 

540.69 -.03 

549.08 018 

556.64 009 

563.535 -.01 

569.87 -.13 

575-16 001 

1.66 -.27 
2-28 -.50 
3.44 -.54 
4.63 -.56 
5 84 - 38 
7207 -.58 
9.61 -.5/] 
12.25 —.54 
15-72 -.29 
19.42 -.16 
27-67 220 

440.57 e27 

444.77 28 

448.6] 025 

452.14 222 

458.51 218 

464.14 012 

470242 206 

476-05 209 

481.16 -.06 

485.86 - 03 

490.22 -.10 


93 


Pexpt 


MPa 


21013 
21379 
°2068 
02/58 
23447 
04137 
25516 
26895 
8618 
1.0342 
1.3790 
2.0684 
22/579 
324474 
4.1369 
525158 
6.8948 
8.6184 
10.3421 
12.0658 
13.7895 
15-5132 
17.2369 
18.9606 
20-6843 
24.1316 
2725790 
31.0264 
34.4738 
41.3685 
48.2633 
55-1581 
62-0528 
68.9476 
e1013 
21379 

° 2068 
02/58 
05447 
04137 
05516 
26895 
8618 
1.0342 
1.3790 
220684 
2.7579 
324474 
4.1369 
525158 
6.8948 
8.6184 
10.3421 
12.0658 
13.7895 
15.5132 


©1010 
ONS I7/2) 
«2061 
22748 
03434 
24121 
25497 
26878 
~8615 
1.0346 
1.6340 
2.4451 
3.0082 
3.6949 
4.3733 
5 66804 
720233 
8.6892 
10.4710 
11.8524 
13.7046 
15.0639 
17-0830 
19.1315 
20.3395 
24.5754 
27.6873 
30.6514 
34.3276 
42.2543 
48.7683 
5521251 
61-1880 
69.0336 
°1011 
01375 
°2062 
02748 
05435 
04122 
25497 
06873 
28597 
1.0328 
1.3811 
2.2573 
229769 
326568 
4.3365 
5.7086 
720363 
8.7062 
10.4741 
11.9649 
13.7346 
15.3191 


Pressure 
Diff. 
q 


Pp 


229 
+32 
035 
037 
0358 
0357 
054 
025 
204 
-.04 
-15.61 
-15.41 
-8.32 
-6./0 
-5.41 
-2.90 
-] 283 
-.81 
-1.25 
1-80 
262 
2-98 
290 
-.89 
1-70 
-1.81 
-.39 
1-22 
243 
-2.10 
-1.04 
206 
1.41 
-.12 
o27 
230 
053 
0355 
036 
236 
055 
ol 
025 
214 
-.15 
-8.37 
-7256 
-5./5 
-4.60 
-3.38 
-2.01 
-1.01 
-1.26 
284 
240 
1.27 
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Data sources and |D numbers: 


Data 
Potnt 
Noe 


1210 
20 

W212 
1213, 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 

1222 
1223 
1224 
1225 
1226 
T2277 
1228 
1229 
1250 
1231 

1252 
1255 
1234 
1235 
1236 
1257 
1238 
1239 
1240 
1241 

1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 

1252 
1253 
1254 
1255 
1256 
W257 
1258 
1259 
1260 
1261 

1262 
1263 
1264 
1265 


Wel ght 


1-000 
1-000 
1-000 
1.000 
1 2000 
1-000 
1.000 
1-000 
1.000 
1.000 
1.000 
1 000 
1.000 
1-000 
1-000 
1.000 
1.000 
1-000 
1.000 
1.000 
1 «000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1 000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Temp e 
K 


327.594 
327 2594 
327 594 
327.594 
327.594 
327.594 
327.2594 
327.594 
3272594 
327.594 
3272594 
327.594 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344 261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
360-928 
360 928 
360-928 
360.928 
360-928 
360.928 
360.928 
360-928 
360-928 
360 928 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittinar, (XxXxXX)Haynes, (51,52)Thomas, (78)Teichmann, 
(79) Warowny e 


Density 
expt 
mol/L kg/m? 
11.212 494.41 
11-300 498.30 
1138857 502818 
11.532 508.54 
11.662 514.425 
11-768 518.94 
11.906 525.02 
1261500 . DS 5 1) 
12-315 543.04 
125475 | 950612 
12.623). 556.464 
12.805 564.67 
0036 1.58 
0049 2.15 
0074 325 
2099 4.37 
0125 5.50 
0151 6265 
2204 9.01 
°260 11-45 
° 3352 14.63 
2408 17.98 
0573 2525 
0986 43.47 
9.141 403.09 
9.293 409.78 
9-433 415.98 
9.659 425.92 
9.847 434.24 
10.049 443.15 
10.229 451.08 
10-374 457.48 
10-520 463.92 
10-643 469.33 
10.757 474.34 
10.871 479 39 
10.943 482.57 
11.141 491.28 
11.282 497.49 
112407 503.02 
11.551 509-37 
UMetSHSan eel) 
12.009 529.56 
V2 0082> , 957 eS 
12.344 544.32 
12-518) 551.99 
2034 1.50 
0047 2205 
2070 3.09 
0094 4.15 
0118 522 
0143 6031 
2193 8.52 
0245 10.80 
oi2 13.75 
0581 16.82 


Density Density 
calc Diff. 
kg/m? 4, 

494.29 202 

498.11 204 

501.71 209 

508.38 005 

514.44 -.04 

520-01 21 

525.18 -.035 

534.54 025 

542.87 003 

550.39 -.05 

DO eZ -ell 

56361 219 

1.58 = 225 
2.16 2] 
326 -.3] 
4.38 a2 
5252 - 254 
6-68 -.355 
9.04 ae) 
11.49 -.30 
14.67 -.24 
138.01 -.16 
25424 206 
43.09 289 

401.57 2358 

409.21 014 

415.57 010 

425.98 -.01 

434.43 -.04 

443.28 -.03 

450.83 206 

457247 200 

463-40 ol 

468.80 oll 

473.75 013 

47833 022 

482.61 -.01 

490.40 018 

497.38 202 

503.72 -.14 

509.55 - 203 

519.97 °22 

529212 208 

53732 -.03 

544.77 -.08 

551-59 007 

1.51 =le2D 
2.06 -.26 
3-10 - 50 
4.17 -.50 
5224 - 232 
6055 -.5) 
8.55 -.50 
10.83 -.29 
13.78 -224 
16-84 -.16 


94 


Pexpt 
MPa 


1762369 
18.9606 
20.6843 
24.1316 
2725790 
31 0264 
34.4738 
41 23685 
48.2635 
55.158) 
62.0528 
68.9476 
01013 
01379 

e 2068 
22158 
05447 
04137 
05516 
26895 
-8618 
1.0342 
1.3790 
220684 
2.7579 
324474 
4.1369 
525158 
6.8948 
8.6184 
10.3421 
12-0658 
13.7895 
15.5132 
1722369 
18.9606 
20.6843 
24.1316 
2725790 
31.0264 
3424738 
41 «3685 
48.2633 
55.1581 
62.0528 
68.9476 
21013 
01379 
°2068 
02/58 
05447 
04137 
25516 
06895 

- 8618 
1.0342 


Peale 
MPa 


1722911 
19-0484 
20.9163 
24.2238 
27.4680 
3023412 
34.3580 
42.5382 
48.4170 
54.8964 
61.3997 
7021477 
° 1011 
01375 
°2062 
02749 
23436 
04124 
25499 
26875 
~8600 
1.0327 
1.3797 
2.0808 
228840 
325050 
4.1854 
55081 
6 8609 
8.5919 
10.4033 
12.0709 
13.9481 
15.6926 
1724537 
19.3754 
20.6707 
24.5468 
276366 
30.6261 
34.5674 
42.1990 
48.6126 
5520349 
61-6206 
69-3690 
21011 
01375 
22062 
02/50 
03437 
04124 
25500 
26876 
8600 
1.0327 


Pressure 
Diff. 
b 


5,5) 
-.46 
-1.11 
-.58 
240 
2-26 
2354 
-2.29 
-.52 
248 
1.06 
-1.71 
025 
e2/ 

2 30 
052 
ee) 
052 
23] 
228 
222 
014 
-.05 
-.59 
-4.37 
-1 .64 
-1.16 
014 
249 
e51 

- 59 
-.04 
-1.14 
-1.14 
-1.24 
-2.14 


WO OI 07 01 07 07 GT 7 0 07 >. 07 7 2 >>To“. oT o“=F. 0 007 07 00 0 FF FT oF=. 0 0 Foo oF FF FFT oF 0 Fa Ft oF TF Ft TT oF Ft 


Data sources and ID numbers: 


(79) Warowny e 
Data Weight 
Point 

Noe 

1266 1.000 
1267 1-000 
1268 1.000 
1269 1.000 
1270 1.000 
1271 1-000 
1272 1.000 
1273 1.000 
1274 1 -000 
1275 1.000 
1276 1-000 
1277 1.000 
1278 1.000 
1279 1000 
1280 1.000 
1281 1.000 
1282 1.000 
1283 1.000 
1284 1.000 
1285 1-000 
1286 1.000 
1287 1 000 
1288 1-000 
1289 1.000 
1290 1.000 
1291 1.000 
1292 1.000 
1293 1.000 
1294 1.000 
1295 1-000 
1296 1-000 
1297 1.000 
1298 1.000 
1299 1.000 
1300 1-000 
1301 1.000 
1302 1.000 
1303 1.000 
1304 1.000 
1305 1.000 
1306 1.000 
1307 1.000 
1308 1.000 
1309 1.000 
1310 1.000 
1311 1-000 
1312 1.000 
1313 1.000 
1314 1.000 
1315 1.000 
1316 1.000 
1317 1.000 
1318 1.000 
1319 1.000 
1320 1.000 
1321 1 .000 


Tempe 
K 


360.928 
360 .928 
360.928 
360-928 
360-928 
360.928 
360-928 
360.928 
560.928 
360.928 
360.928 
360.928 
360-928 
360.928 
360.928 
360.928 
360-928 
360.928 
360.928 
360.928 
360.928 
360 928 
560-928 
360.928 
3772594 
3772594 
3772594 
3772594 
377.2594 
3772594 
3772594 
3772594 
377-594 
377.594 
3772594 
3772594 
377.2594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
3772594 
377.2594 
3772594 
377.594 
3772594 
377.594 
3772594 
3772594 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer , 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 

mol/L kg/m 
2530 23.56 
0877 58.69 
1.342 59.16 
22103 92.74 
8.171 360 «32 
8.731 385.03 
9.063 5399.64 
9.365 412.90 
9.602 423.42 
9.792 431.79 
9.971 439.71 
10.114 445.99 
10-262 452.52 
10-398 458.53 
10.492 462.67 
10-717 472.59 
10.886 480.03 
11-062 487.80 
11.191 493.47 
11.501 507.14 
E6960 5115:67.6 
11.883 524.01 
12-056 531.66 
12.248 540.09 
2033 1.43 
2044 1.96 
2067 2295 
2090 3.96 
e113 4.97 
01356 6.00 

° 184 8-09 
0252 10.23 
0295 12.99 
0559 15.83 
2495 21.83 
0801 35034 
12173 51.74 
1.658 7313 
Does Vso V7 
72050 310-88 
72951 350-61 
8509) | 5/5625 
8.886 391.85 
9.152 405.59 
9-385 413.84 
9.568 421.93 
9.746 429.78 
9.908 436.92 
10.021 441.91 
10-281 453.536 
10.475 461.90 
10-649 469.58 
10.827 477.46 
11-144 491.44 
11-385 502.05 
5 95ey S552 


Density Density 
calc Diff. 
kg/in % 
23-36 201 
38.49 0535 
58 38 1.33 
92.15 067 

359.03 256 

383.38 043 

398-36 252 

412.03 o21 

422.74 016 

431.64 0935 

439.32 209 

446.10 -.02 

4524220 207 

457.74 ol7 

462.84 -.04 

471.99 013 

480.03 -.00 

487.25 oll 

493.80 -.07 

505.38 235d 

515.43 206 

524.55 -.07 

532.38 -.14 

539.7) 207 

1.44 -.2) 
1.96 -.25 
2.96 -.50 
3.97 -.29 
4.99 -.29 
6-02 -.29 
8.12 -.2/ 
10.26 -.26 
13.02 -.21 
15.86 -.16 
21.83 -.02 
3521 238 
5131 282 
7224 1223 

104.58 1.08 

306-76 1.34 

349.34 2356 

374.26 226 

390.65 ol 

403.12 o12 

413.31 013 

421.97 -.01 

429.55 205 

436.30 014 

442.41 -ell 

453.15 005 

462.43 -ell 

470-62 -.22 

477.97 -.ll 

490.82 015 

501.82 005 

511.49 -.05 


95 


Pexpt 


MPa 


1.3790 
2.0684 
2.1579 
324474 
4.1369 
525158 
6 8948 
8.6184 
10.3421 
12.0658 
13.7895 
15.5132 
17-2569 
18.9606 
20.6843 
24.1316 
2725790 
31.0264 
3424738 
41.3685 
48.2633 
55.1581 
62.0528 
68.9476 
01013 
21379 
22068 
22758 
25447 
04137 
05516 
26895 
28618 
1.0342 
1.3790 
2 0684 
22/579 
324474 
4.1369 
525158 
628948 
8.6184 
10.3421 
12.0658 
13.7895 
1525132 
1722369 
18.9606 
20.6845 
24.1316 
2725790 
31.0264 
34.4738 
41.3685 
48.2633 
55.1581 


Peale 


MPa 


1.3790 
2.0768 
27802 
344552 
4.1384 
5.6444 
720368 
8.7463 
10.4644 
12.0963 
13.8835 
1524835 
1725327 
19.2171 
20.6241 
24.3768 
2725764 
31.3039 
34.2948 
42.5130 
48.5028 
54.8780 
61 3999 
69-3186 
01011 
21376 
°2062 
22/50 
23438 
04125 
05502 
26878 
8601 
10327 
1.3788 
2.0747 
2.7741 
324720 
4.1543 
55936 
6.9618 
8.7052 
10.4912 
12.1383 
13.8880 
15.5044 
17-2926 
19.1280 
2025376 
24.2044 
2723725 
30.5683 
34.2206 
41.7544 
48.4178 
55 0327 


Pressure 
Diff. 
A 


-.01 
-.40 
-.80 
ay) 
=e25 
-2.28 
-2-202 
al 46 
-1.17 
-.25 
-.68 
219 
-.55 
-| B55) 
229 
-1.01 
201 
-.89 
252 
-2.69 
-.49 
Dl 
1.06 
-.54 
22] 
024 
230 
228 
228 
028 
26 
224 
220 
015 
01 
-.50 
-.58 
-.71 
-.42 
-| 259 
-.96 
-1.00 
-1.42 
-.60 
-./1 
206 
2352 
-.88 
71 
-.50 
-76 
1.50 
0/4 
-.88 
—.52 
023 


1D 
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Data sources and ID numbers: 
(13)Cherney, (17)Tom!inson, 
(79) Warowny e 


Table 7. (Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Data weight Temp « 
Point 

Noe K 
1322 1.000 3772594 
325 1-000 377.2594 
1324 1.000 410.928 
1325 1.000 410.928 
1326 1.000 410.928 
1327, 1.000 410.928 
1328 1.000 410.928 
1329 1-000 410.928 
1330 1-000 410.928 
1331 1 .000 410.928 
13552 1.000 410.928 
1333 1.000 410.928 
1334 1.000 410.928 
1355, 1-000 410.928 
1336 1.000 410.928 
1537, 1.000 410.928 
1338 1.000 410.928 
1339 1.000 419.928 
1340 1.000 410.928 
1341 1.000 419.928 
1342 1-000 410.928 
1343 1 «000 410.928 
1344 1-000 410.928 
1345 1.000 410.928 
1346 1.000 410.928 
1347 7.000 410.928 
1348 1.000 410.928 
1349 1.000 410.928 
1350 1.000 410-928 
T3Spil 1.000 410.928 
1352 1.000 410.928 
1355 1.000 410.928 
1354 1.000 410.928 
1355 1.000 410.928 
1356 1.000 410.928 
15997, 1.000 410.928 
1358 1-000 444.261 
1359 1.000 444.261 
1360 1.000 444.261 
1361 1.000 444.261 
1362 1-000 444.261 
1363 1.000 444.261 
1364 1-000 444.261 
1365 1.000 444.261 
1366 1.000 444.261 
1367 1-000 444.261 
1368 1.000 444.261 
1369 1-000 444.261 
1370 1.000 444.26) 
1371 1.000 444.261 
1372 1-000 444.261 
1375 1.000 444.261 
1374 1.000 444.26] 
S575 1.000 444.261 
1376 1.000 444.261 
USAT 1 e000 444.261 


Density Density Density Pexpt Peale Pressure 
expt calc Diffe Diffe 
mol/L kg/m kg/m b MPa MPa 2b 
11.779 519.43 520.14 ~14 62.0528 61 «4565 097 
11.969 527.81 527.98 -.03 6829476 68-7931 e22 
e030 1.32 Ws 52 -.20 21013 1011 °20 
004) 1.79 1.80 -.22 01379 21376 221 
2061 2-70 2.71 =6i25 «2068 °2063 025 
2082 3.62 365 -.26 02758 22/51 °26 
0103 4.54 4.55 - 26 03447 03438 226 
0124 5047 5.49 -.26 04137 24126 226 
°167 7256 738 -.25 05516 25503 024 
0210 9.28 9.30 -24 26895 26879 023 
°266 ite 75 11.75 -.20 28618 °8602 19 
0323 14.23 14.25 -.l7 1.0342 1.0326 216 
440 19.42 19.43 -.07 1.3790 1.3781 206 
2694 30.61 30257 015 2.0684 2.0710 -.13 
0978 43.12 42.96 057 221579 2/7662 -.50 
1.301 5736 57201 260 3.4474 3.4631 -.45 
1.675 7387 73.034 71 4.1369 4.1571 -.49 
2-680 118.19 117.42 266 525158 525551 -.55 
4.228 1386-43 185.07 73 6 8948 69197 - 56 
6.065 © 267-358 § 265.65 1.41 8.6184 8.7279 -1.25 
720060. 31655 150851 092 10.3421 19.4918 -1 243 
TeO29" YS56e26" N555e49 025 12.0658 12.1259 -.50 
8.072 355.93 354.40 043 13-7895 13.9524 Noy 
8-381 369.60 368.97 ef7 15.5132 15.5964 -.55 
8.657 381-77 380.86 224 1722369 17.3822 -.84 
8.889 391.96 390.93 026 18.9606 19.1524 -1.00 
9.064 399.68 399.69 -.00 20-6843 20 -6826 201 
9-397 414.37 414.45 -.02 24.1316 24.1109 209 
9.675 4262.62 426.66 -.01 2725790 27.5675 204 
9.892 436219 437.12 21 31.0264 30.7001 1.06 
10.114 445.98 446.30 -.07 3424738 34.3496 056 
10.488 462.49 461.91 Oe) 41.3685 41.6517 -.68 
10.778 475426 474.96 006 48.2633 48.4397 - 36 
11.032 486.48 486.21 005 55-1581 552535351 -.32 
11-249 496.06 496.14 -.02 62.0528 61 9966 209 
112.470 505.81 505.05 015 68.9476 69.5758 -.90 
0028 1.22 1.22 -.18 21013 °1011 018 
2038 1.66 1.66 -.20 01379 21376 220 
0057 2.49 2-50 224 22068 °2064 025 
0076 333 3.34 =625 02758 02751 024 
2095 4.18 4.19 -.25 23447 25439 025 
0114 503 5205 -.26 04137 04126 025 
0153 6-16 6077 -.25 25516 03505 224 
0193 8.50 8.52 - 24 06895 268/79 025 
2243 10.71 10.73 -.21 -8618 -8601 220 
0294 12.96 12.99 -.18 1.0342 1.0325 ol7 
2599 1758 17-60 -.09 1.3790 1.3778 208 
0620 2732 27-30 010 2.0684 220702 -.09 
2857 37.81 37-70 029 2.1579 2.7649 =.25 
1.115 49.16 48 93 048 3.4474 3.4611 -.40 
1395 61.51 61.13 261 4.1369 4.1571 -.49 
22040 89.95 89.27 0/6 525158 55460 -.54 
2.816 124.20 123.71 259 6 08948 629124 -.25 
3.956 174.44 174.26 210 8.6184 8.6244 -.07 
5-069 2235.54 222.19 261 10.3421 10.3962 9 9\2 
5-915 260-84 260.34 019 12.0658 12.0919 —e2Z, 
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Data sources and !D numbers: 


(13)Cherney, 
(79) Warowny « 

Data Weight 
Point 

Noe 

1378 1.000 
1379 1.000 
1380 1.000 
1381 1-000 
1382 1.000 
1383 1.000 
1384 1.000 
1385 1.000 
1386 1.000 
1387 1.000 
1388 1.000 
1389 1.000 
1390 1.000 
1391 1.000 
1392 1.000 
1393 1.000 
1394 1.000 
1395 1.000 
1396 1.000 
1397 1-000 
1398 ] .000 
1399 1.000 
1400 1-000 
1401 1.000 
1402 1.000 
1403 1.000 
1404 1.000 
1405 1.000 
1406 1.000 
1407 1.000 
1408 1.000 
1409 1.000 
1410 1.000 
1411 1.000 
1412 1.000 
1413 1.000 
1414 1.000 
1415 1.000 
1416 1.000 
1417 1-000 
1418 1.000 
1419 1.000 
1420 1.000 
1421 1.000 
1422 1.000 
1423 1.000 
1424 1-000 
1425 1.000 
1426 1.000 
1427 1.000 
1428 1.000 
1429 1.000 
1430 1.000 
1431 1.000 
1432 1.000 
1433 1.000 


Temp - 
K 


444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.26] 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
444.261 
477.594 
477.2594 
477.594 
477.594 
477.2594 
477.594 
4772594 
477.594 
477.594 
477 2594 
477.594 
477.594 
4772594 
477.594 
477.594 
477.594 
477.594 
477.594 
477.594 
477.2594 
477.594 
4772594 
4772594 
477.594 
477.2594 
477.594 
477.594 
477594 
477.594 
477.594 
477.594 
477-594 
4772594 
477 2594 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 
510.928 


Table 7. 


(1)Virial Equation, 
(17)Tomlinson, (24 Ely, (26)Dittinar, (XXXX)Haynes, (51,52)Thomas, 


DensI 
expt 
mol/L 


6.603 
7.106 
72471 
72803 
8.061 
8.514 
8.856 
9.141 
9.407 
9.854 
10.195 
10.481 
10.724 
10.975 
2026 
0035 
0052 
2070 
2088 
2106 
01 42 
0178 
2224 
e270 
2565 
0562 
e770 
2990 
1.221 
1.724 
22284 
32058 
3.864 
4.636 
5-318 
5.881 
6-381 
6.774 
7-090 
72652 
8.076 
8.416 
8.728 
92247 
9.655 
9.961 
10.234 
10.505 
2024 
0033 
2049 
2065 
2082 
2099 
e132 
e165 


kg/m? 


29120 
313235 
329.44 
344.09 
35548 
375-44 
390.54 
403.11 
414.31 
434.535 
449.55 
462.20 
472.90 
483 .96 
1.13 
1.54 
2251 
3.09 
3.88 
4.66 
625 
7285 
9.87 
11.92 
16-10 
24.80 
33.96 
43.64 
53 83 
76.01 
100.74 
134.83 
170.39 
204 43 
234.49 
259232 
281.39 
298.73 
312.67 
337.45 
356.14 
371.14 
384.89 
407.79 
424.87 
439.25 
451.31 
463.25 
1.05 
1.44 
2.16 
2.88 
3.6] 
4.34 
581 
7250 


(Continued) 


Density 
calc 
kg/m? 


289.35 
Bren? 
329.04 
343.37 
355647 
Dye lr2 
390.77 
403.81 
415.00 
433.61 
448.81 
461.70 
472.94 
482.92 
1.13 
1.54 
2232 
3.10 
3.89 
4.67 
6-26 
7087 
9.90 
11.95 
16.13 
24.79 
33.89 
43.47 
53-56 
75255 
100.22 
134.68 
170.81 
204 266 
234.00 
258.88 
279.81 
297.44 
312.46 
336275 
355 83 
371 46 
384.70 
406 32 
423.66 
438.18 
450 -69 
461.72 
1.06 
1.44 
2-16 
2.89 
3.62 
4.56 

5 83 
7032 
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(2 )Dawson, 


Density 
Diff. 
b 


264 
059 
012 
021 
200 
208 
-.06 
oa ®) ] 7 
-.05 
21 
el7 
ell 
-.01 
222 
-.17 
-.19 
-.22 
TO 24 
=.25 
“e 25 
-.25 
-.25 
22 
-.21 
el 5) 
003 
221 
240 
249 
062 
051 
ell 
-.24 
“e 11 
21 
oll? 
257 
043 
207 
21 
209 
-.09 
005 
236 
229 
25 
014 
035 
-.16 
-.19 
-.21 
-.24 
-.25 
-.26 
-.2/] 
-.2] 


(3)Beattie, 


Pexpt 
MPa 


13.7895 
1525132 
1722369 
18.9606 
20.6843 
24.1316 
27-5790 
31-0264 
34.4738 
41] 23685 
48.2633 
55-1581 
6220528 
68.9476 
° 1013 
21379 
22068 
02/58 
03447 
24137 
05516 
06895 
-8618 
1.0342 
1 3790 
2.0684 
22/579 
324474 
4.1369 
DOP ais) 
628948 
8.6184 
10.3421 
12.0658 
1327895 
1525132 
17.2369 
18.9606 
20 6843 
24.1316 
2725790 
31.0264 
3424738 
41.3685 
48.2633 
5521581 
62.0528 
68-9476 
21013 
21379 

° 2068 
02758 
05447 
04137 
05516 
06895 


(4)Deschner, 


(5 )Reainer 


Ad 


(78)Teichmann, 


Peale 


MPa 


13.9169 
15.6761 
17.2809 
19.0553 
20 -6865 
24.1949 
2725233 
30.8279 
34.4100 
41.7488 
48 .6333 
5524449 
62.0301 
69.7098 
01012 

° 1376 

° 2064 
02751 
03439 
04127 
05502 
26878 
«8600 
1.0321 
123770 
2.0690 
22/631 
3 4595 
4.1544 
5 25433 
629220 
8.6258 
10.3220 
12.0535 
13.8211 
15.5464 
17-3807 
19.0983 
20.7106 
24.2444 
27-6426 
30.9486 
34.5272 
41.9010 
48.7981 
5527155 
62.4160 
69.9727 
21012 
21376 
22064 
22751 
254359 
04126 
05501 
-6876 


Pressure 
Diff. 
g 


p 


-.92 
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Data sources and ID numbers: 


Table 1K 


(1)Virial Equation, (2)Dawson, 


(Continued) 


(3)Beattie, (4)Deschner, (5)Reamer, 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 
(79) Warowny e 


Data 
Potnt 
Noe 


1434 
1435 
1436 
1437 
1438 
1439 
1440 
1441 

1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1451 

1452 
1453 
1454 
1455 
1456 
1457 
1458 
1459 


Wei ght 


1.000 
1.000 
| .000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1.000 
1.000 
1-000 
1-000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1-000 


Tempe 
K 


510.928 
510-928 
510-928 
510.928 
510-928 
510.928 
510.928 
510-928 
510.928 
5102928 
510.928 
510.928 
510.928 
510.928 
510.928 
5102928 
510.928 
510-928 
510.928 
510-928 
510.928 
510-928 
510.928 
510-928 
510.928 
510.928 


Densi 
expt 
mo} /t 


°208 

0251 

3557 

0516 

e702 

0895 
1.095 
1.519 
1.973 
2.578 
3.2538 
32852 
4.413 
4.951 
52431 
5 2865 
60223 
62845 
70551 
72725 
8.076 
8-650 
9.095 
9-462 
9.771 
10.054 


ty 
kg/m 


9.16 
11.05 
14.88 
22.76 
30.95 
39 46 
43.29 
66-98 
86.99 

113-67 
143.69 
169.87 
194.61 
218.31 
239.243 
258-62 
274.41 
301 .86 
323.28 
340.265 
356.13 
381.45 
401.06 
417.27 
430.87 
443.36 


Density Density 
calc Diff. 
kg/m? b 

9.19 —.26 
11.08 -.26 
14.91 222 
22.78 -.10 
30.94 204 
39.39 019 
48.15 230 
66-67 047 
86.59 046 

113.38 025 

141.47 1.57 

169.35 05 

195.44 - 43 

218291 sez) 

239272 -.10 

258212 019 

274.236 002 

301-48 013 

EVI ONT 204 

340.99 -.10 

35603 003 

380.42 027 

399.76 255 

415.80 055 

429.53 251 

441.55 41 


98 


Pexpt 
MPa 


8618 
1.0342 
1.3790 
20684 
22/579 
324474 
4.1369 
525158 
6 8948 
8.6184 

10.3421 
12.0658 
13-7895 
1525132 
172369 
13.9606 
20.6843 
24.1316 
2725790 
31.0264 
34.4738 
41.3685 
48 22633 
5521581 
62-0528 
63.9476 


Peale 


MPa 


28597 
1.0316 
1.3761 
2.0665 
2.7589 
304534 
4.1480 
525583 
629212 
8.6564 

10.4773 
12.0988 
1327320 
15.4668 
17221635 
19.0108 
20.6903 
24.1857 
27 ©6000 
30.9551 
344973 
41.7056 
48.7816 
55 8480 
622/765 
702061 4 


Pressure 
Diffe 
i 


025 
025 
21 
209 

- 04 
a) 1 V/ 
-.27 
-.41 
-.58 
“e 21 
-1.29 
=o2/ 
042 
230 
012 

- 26 
-.035 
-.22 
-.08 
223 
-.07 
-.80 
-1.06 
-| 024 
-1 015 
-1.59 


Data sources and ID numbers: 


(79) Warowny « 
Data Wei ght 
Potnt 

Noe 

1460 1.000 
1461 1.000 
1462 1-000 
1463 1-000 
1464 1.000 
1465 | .000 
1466 1.000 
1467 1.000 
1468 1.000 
1469 1.000 
1470 1.000 
1471 1.000 
1472 1.000 
1473 1.000 
1474 1.000 
1475 1.000 
1476 1.000 
1477 1.000 
1478 1.000 
1479 1.000 
1480 1-000 
1481 1.000 
1482 1.000 
1483 1.000 
1484 1-000 
1485 1.000 
1486 1.000 
1487 1.000 
1488 1-000 
1489 1.000 
1490 1.000 
1491 1 000 
1492 1.000 
1493 1-000 
1494 1-000 
1495 1.000 
1496 1.000 
1497 1.000 
1498 1.000 
1499 1.000 
1500 ] .000 
1501 1.000 
1502 | -000 
1503 1.000 
1504 1.000 
1505 1.000 
1506 1.000 
1507 1.000 
1508 1.000 
1509 1.000 
1510 1.000 
1511 1.000 
UDIZ 1.000 
1513 1-000 
1514 1-000 
1515 1.000 


Tempe 
K 


258.150 
258.150 
258.150 
2582150 
263.150 
263.150 
263.2150 
263.150 
268-150 
268.150 
268.150 
268.150 
268.150 
268.150 
273150 
2735150 
273150 
2732150 
2732150 
273.150 
273-2150 
275-2150 
273150 
273150 
273150 
273-150 
273-2150 
273.150 
278.2150 
278-150 
278.150 
278.2150 
278.2150 
278-150 
278.150 
283.150 
283 150 
283.150 
283.150 
283.150 
288.150 
288.150 
288.150 
288.150 
288.150 
288.150 
288-150 
293.2150 
293.150 
293-150 
293-2150 
293.150 
298.150 
298.150 
298.150 
298.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Telchmann, 


Density 
expt 
mol/L kg/m 
12.435 548.33 
12-440 548.57 
12.446 548.82 
12.451 549.06 
12.289 541.91 
12.294 542.13 
12.299 542.35 
12.3510 542.82 
12.139 535.30 
12.144 535.52 
(Zt 50% = 955/078 
12-156 536.05 
ZelO2 er o5.6.651 
Worden asroca{s) 
11.989 528.69 
12.000 529.18 
12-012 529.70 
12.017 529.91 
126017 529.95 
12.023 530.16 
12.028 530.42 
12.054 530.65 
PA6OSIE BEC 
12.049 531.32 
2030) 551057. 
12.097 533.45 
WZ 96) 5 5i7'<.8it 
J20299)° | BARS} 
11.831 521.73 
858) 7 522502 
11-843 522.26 
11-849 522.52 
V6eDa (. B2Zo 7s 
11.860 523.01 
WilveS6D) D2 5c 22 
11-675 514.82 
11-681 515-08 
11-687 515235 
692i D9 
11-698 515.86 
11-511 507.59 
WD 450786 
VLCDU iy  DOUESY 
11-523 508.13 
iD 295 508/53 
11-529 508.38 
11-534 508.63 
112343 500.20 
11.348 500.42 
11.354 500.68 
11-360 500.95 
Ulosise. - — 20) cl) 
11-169 492.54 
11.170 492.55 
11-175 492.81 
11-176 492.85 


Density Density 
calc Diff. 
kg/m 4b 

549.02 Soe) 

549.23 -.12 

549.39 -.10 

549.66 -.ll 

542.52 -.1l 

542.77 -.12 

543.00 -.12 

543.47 eile 

535./5 -.08 

536.00 -.09 

536 21 -.08 

536.41 -.07 

536.64 -.06 

537615 -.07 

528./9 =~ .02 

529.27 - 02 

529.72 -.00 

530.01 -.02 

529.99 -.01 

530.26 -.02 

530 49 -.01 

530.77 -.02 

531 200 -.02 

531 Fis }s) -.04 

531 250 -.02 

533-85 -.07 

538-32 -.09 

542.94 -.11 

521.77 -.01 

522.01 200 

522.25 200 

522.50 200 

522.176 200 

523-02 -.00 

523.29 -.01 

514.75 001 

514.99 202 

515-24 202 

515.48 202 

515.75 002 

507.46 203 

507.272 003 

507.70 203 

507296 003 

508-22 003 

508.23 203 

508.48 203 

500-04 003 

500.35 201 

500.62 201 

500.92 201 

501.19 200 

492.27 206 

492.20 207 

492.52 206 

492.45 208 


og 


Pexpt 
MPa 


2/657 
28954 
09944 
1.21605 
2/452 
28841 
1.0164 
1.2898 
6689 
28035 
°9160 
120203 
1.1464 
1.4105 
26027 
28360 
1.0585 
1.2015 
121917 
1.3303 
124442 
1.5876 
17040 
1.9843 
1.9581 
321820 
5 26784 
824537 
26083 
°/163 
28239 
09378 
1.0579 
1.1764 
1.3027 
e 7093 
28100 
09146 
1.0168 
1.1283 
2/919 
08901 
28835 
29827 
1.0851 
1.0873 
1.1866 
09185 
1.0261 
1.1206 
1.2290 
1.3234 
1.0177 
09958 
1.0975 
1.0742 


Peale 


MPa 


25440 
4888 
26426 
»/888 
» 3962 
05206 
26456 
09127 
24297 
25495 
26837 
°8290 
29681 
12206 
25528 
21925 
1.0475 
121554 
1.1649 
1.2797 
1.4080 
1.5240 
1.6374 
1.8690 
1.8920 
2.9791 
5 ©3852 
8.0844 
05897 
e/210 
28306 
09494 
1.0602 
1.1717 
1.2722 
2/402 
e 8485 
09596 
1.0639 
1.1764 
28432 
9464 
29486 
1.0480 
1.1457 
121479 
122439 
09747 
1.0504 
121446 
1.22394 
13246 
121047 
1.1082 
1.1892 
1.1980 


Pressure 


Diff. 
i 


122.57 
83.19 
54.75 
47.11 
88.10 
69.82 
57242 
41.32 
55 «66 
46224 
33.99 
23.08 
18.41 
15.55 

9.03 
5249 
1.05 
4.00 
2-30 
3.95 
2257 
4.17 
4.07 
6.17 
3-49 
6-81 
544 
4.57 
3.16 
-.66 
-.81 
-| 22 
-.22 
040 
2-40 

-4.18 
-4 052 
-4.69 
-4.42 
-4 09 
-6.08 
5.95 
-6.8/7 
-6.25 
-5.29 
-5 28 
-4.61 
-5./7 
-2.32 
-2.10 

-.84 
-.09 

-7.88 

-10.15 
-7.71 

-10.33 


Data sources and ID numbers: 


Table 7. 


(1)Virial Equation, 


(Continued) 


(2)Dawson, 


(3)Beattie, 


(4)Deschner, (5)Reamer, 


(13)Cherney, (17)Tomlinson, (24 Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79) Warowny 

Data Weight Temp « 
Point 

NO» K 
1516 1.000 298.150 
Ven 1.000 298.150 
1518 1-000 298.150 
eae) 1.000 298.150 
1520 1.000 298.2150 
121 1.000 298.150 
1522 1.000 298.150 
1525 1.000 298.150 
1524 1.000 298.150 
1525 1.000 298.2150 
1526 1.000 298.150 
5257 1.000 298.150 
1528 1.000 298.150 
1529 1.000 303.150 
1530 1.000 3032150 
1531 1.000 303-150 
p32 1.000 303-150 
1555 1.000 303-150 
1534 1.000 303.150 
1535 1-000 303 150 
1536 1.000 303150 
1557, 1.000 303.150 
1538 1.000 303.150 
1539 1.000 303.2150 
1540 1.000 303.150 
1541 1.000 303.150 
1542 1-000 303-150 
1543 1.000 303-150 
1544 1.000 303.150 
1545 1.000 303150 
1546 1.000 303.150 
1547 1.000 303-150 
1548 1.000 303-150 
1549 1.000 303150 
1550 1-000 303150 
1551 1.000 303 2150 
1552 1.000 3132150 
115,55 1.000 313-150 
1554 1.000 313.2150 
11555 1.000 313.2150 
1556 1.000 3132150 
13di7 1-000 3132150 
1558 1.000 313.2150 
1559 1.000 3232150 
1560 1.000 323-150 
1561 1.000 323.2150 
1562 1-000 323.2150 
1563 1.000 323.2150 
1564 1.000 323-150 
1565 1.000 323-150 
1566 1.000 323.150 
1567 1.000 323-2150 
1568 1.000 323.150 
1569 1.000 323-2150 
1570 1.000 323.150 
1571 1.000 323.2150 


Density Density Density Pexpt Peale Pressure 
expt calc Diffe Diffe 
mol/L kg/m? kg/m 4 MPa MPa Z 
11.177 492.85 492.44 208 1.0729 1.2050 -10.97 
11-181 493.05 492.85 004 122035 1.2670 5.01 
11.182 493.08 492.79 206 1.1851 1.2777 -7.24 
11.188 493.35 ° 495.10 005 1.2823 1.3652 5 93 
11.194 493.64 493.30 007 1.3494 1.4601 -7258 
11.194 493.64 493.32 207 123546 1.4601 -7225 
11.249 496.03 495.77 005 221679 22565 =3)-92 
11.302 498.39 498.14 005 229922 320789 -2.81 
W15423: 5 505.671 503-50 004 4.9970 5 0808 -1.65 
11.5001 507012 250701 002 64183 6.4669 =D 
11.523 508.14 508.00 03 6.8399 6 8973 ~ 85 
Wile 592 ee Sill onl Dil sl eyo 01 82207 8.2388 -.22 
11679", 51/5500) #515500 - 00 10.0107 10.0092 201 
10.984 484.35 484.11 205 1.1011 1.1670 -5 265 
10.989 484.59 484.40 004 1.1832 12373 -4.38 
10.995 484.85 484.68 004 1.2631 1.3127 -3.79 
11-001 485.11 484.97 °03 1.3466 1.3871 -2.92 
11.007 485.38 485.24 003 1.4248 1.4666 -2.85 
11.008 485.42 485.12 206 1.3908 1.4775 5-87 
11.020 485.96 485.66 006 1.5488 1.6367 3) AST) 
11-110 489.91 489.32 002 28254 2.8568 -1.10 
11.252 496.17 496.03 203 4.9364 4.9861 -1 00 
112353 500.65 500.58 201 6 6466 6 06743 - Al 
11.441 504.50 504.51 -.00 822408 8.2386 203 
11527) 508351 508-41 - 02 9.9332 9.8890 045 
10-983 484.33 484.24 002 12.1376 1.1624 -2.13 
10.989 484.60 484.55 Ol 1.22252 1 «2404 =e. 
10.996 484.87 484.84 001 1.3081 1.3189 -.82 
11-007 485-40 485.36 01 1.4614 1.4713 67 
11 015.35 485,.75 @A85i65 002 1.5460 1.5687 -1.45 
11.137. 491.10 491.07 201 322314 32407 -.29 
11-180 492.99 492.94 001 32.8543 3.8736 -250 
11-260 496.52 496.54 - 00 51231 51157 015 
11-302 498.38 498.45 -.01 58301 58027 047 
Tie 562) 19 501.05". SD OROS: 200 6.8244 6 «8509 -.10 
PieDS7 A 50877 (508296 -.04 10.1807 10.0949 085 
10.596 467.27 467.38 -.02 1.4533 1.4281 1.77 
10.602 467.54 467.65 -.02 1.5149 1.4892 Mew72 
10.609 467.81 467.92 - 02 15776 1.5520 1.65 
10-615 468.08 468.17 “=.02 1.6349 1.6152 1222 
10.621 468.38 468.45 -.02 1.27015 16835 1.07 
10-628 468.69 468.60 002 127347 1.27559 -1.20 
10.634 468.91 468.94 -.01 1.8158 | -8099 2352 
2800 3528 35239 035 1.6127 1.6091 022 
°820 36-16 3630 = 57 1 -6402 1 6361 025 
2840 3704 37219 -.40 1.6668 1.6625 026 
2 850 37.48 37.64 4) 1.6799 1.6754 e2/7 
2860 37.292 38.08 -.42 1.6928 16882 °27 
2870 3836 38.55 - 43 1.7056 1 7009 228 
0875 38.59 38.75 242 1.27118 1.7071 02/7 
2876 38.61 +* 38.76 -.40 1.7122 1 7078 226 
10-179 448.85 448.65 004 1.7664 1.8014 -1.94 
10-179 448.85 448.73 003 1.7807 1.8014 -1.15 
10-179 448.86 448.60 206 1.7575 | 8038 Yao) I) 
10-185 449.11 449.01 202 1 .8288 1.8473 -1.00 
10.185 449.13 448.87 206 1.8046 1.8513 -2 52 


100 


Table 7. (Continued) 


Data sources and ID numbers: (1)Virtal Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79) Warowny. 
1D Data We i ght Tempe Density DensI ty Density Pexpt Realic Pressure 
PolInt expt calc Diff. Diff. 
No. K mol/L kg/m kg/m % MPa MPa y 
51 1572 1.000 323.2150 10-186 449.17 448.82 208 1.7970 1.8586 = 35652 
Dil 1bvS 1.000 S25 OON Os 9 449.39 449.16 005 1.8570 1.8976 —2 14 
51 1574 1.000 323-150 10.191 449.40 449.15 206 1.8544 1.8992 2.36 
51 1575 | 000 323.150 10-197 449.65 449.48 004 1.9133 1.9434 =| 55 
51 1576 1-000 3232150 10-197 449.66 449.45 005 1.9083 1.9458 -1.93 
51 VBA 1.000 323-2150 10.205 449.91 449.78 203 1.9660 1.9895 -1.18 
51 1578 1.000 3232150 10.203 449.935 449.70 205 1.9525 1.9944 2.11 
51 1579 1.000 323.150 10-209 450.17 450.06 003 2.0171 220376 -1.00 
51 1580 1-000 323.150 10.209 450.21 449.94 206 1.9952 2 0434 -2.36 
51 1581 1.000 323-150 10.210 450.22 449.89 007 1.9867 2.0459 -2.89 
51 1582 1.000 S25 Om ae NOsZ25 0 452700) 451.75 206 2.3253 223746 -2.08 
51 1583 1.000 3230150 10.500 463.02 462.85 204 4.6856 4.7256 -.85 
51 1584 1.000 323.150 10.750 474.04 473.96 202 76467 7 6697 -.30 
BZ. 1585 1.000 323.150 °800 3528 35.40 =25) 1.6129 1.6091 024 
Bz 1) Bete) 1.000 323.150 « 800 35 28 35.40 ~ 354 1.6128 1.6091 223 
52 1587 1.000 323.150 °820 36.16 36.29 =e) 1.6402 1.6361 025 
D2 1588 1.000 323.150 «840 37.04 37.19 ~.59 | 6668 1 6625 226 
52 1589 1.000 323-150 2850 37.48 37.63 -.40 1.6799 1.6754 026 
52 1590 1.000 323-2150 - 860 37-92 38-08 - 42 1.6928 | 6882 027 
52 1591 1.000 323.150 0870 38.36 38.53 -.43 1.7056 1.7009 28 
52. 5en 1-000 323.150 10.182 448.99 448.55 010 17482 1.8255 -4.24 
52 1593 1.000 323.150 10.188 449.26 448.87 209 1.8055 1.8740 -3..65 
D294: 1.000 323-150 10.194 449.53 449.18 208 1.8597 1.9221 -3.25 
D2 1595 1.000 3232150 106200 449.79 449.46 °07 1.9100 1.9689 -2.99 
52 596 1.000 3232150 106206 450.07 449.74 007 1.9587 2.0185 -2.96 
D2 | SShi/ 1.000 3232150 10-498 462.92 462.82 002 4.6788 4.7035 =.95 
52 15988} 1.000 323.150 11-034 486.58 485.57 221 11.4691 11.8424 3.15 
52 1599 1.000 323-150 11-504 507.29 507.86 -.11 21.2865 20-9888 1.42 
52 1600 1.000 3232150 11.998 529.09 530.13 - 20 35-0469 34.2992 2.18 
51 1601 1.000 333150 e800 35 28 35.34 -.19 1.7004 1.6981 013 
| 51 1602 1.000 35510150 °900 39.69 39.77 -.22 1.8449 1.8422 014 
| 51 1603 1.000 333.150 1.000 44.10 44.22 -.28 1.9755 1.9720 018 
51 1604 1.000 333.150 1.050 46.30 46.46 -.33 2.0358 2.0317 20 
1 1605 1.000 3332150 1.060 46.74 46.91 = 35 20475 20432 2) 
51 1606 1.000 333.150 1.075 47.40 47.58 = .36 2.0646 2.0602 21 
| 51 1607 1-000 333150 1.100 48.51 48.70 -.59 220925 220878 022 
51 1608 1.000 333.150 1.120 49.39 49.59 - Al 2.1142 221093 2235 
51 1609 1-000 333-150 1.122 49.48 49.66 =.37 221158 221114 21 
51 1610 1.000 333-150 9.699 427.69 427.51 204 221278 21508 -1.07 
51 1611 1.000 333.150 9.704 427.92 427.76 004 221595 2.1807 -.97 
51 1612 1.000 333.150 9-710 428.19 428.04 205 21955 222146 - 86 
51 1613 1.000 333-150 9.716 428.44 428.30 0035 22288 22471 -.81 
51 1614 1.000 333-2150 9.722 428.71 428.53 004 2.2577 222810 -1.02 
51 1615 1.000 333150 9.728 428.97 428.82 203 2.2961 2.3151 -.82 
51 1616 1.000 333-150 9.734 429.23 429.08 003 2.3301 2.3495 -.82 
51 1617 1.000 333.150 9.740 429.50 429.33 204 23625 2 «3841 -.91 
51 1618 1.000 333-2150 9.746 429.76 429.59 204 2.3966 24185 -.91 
| 51 1619 1.000 343.2150 2800 35.28 35.31 -.09 1.7859 1.7847 007 
i} 51 1620 1.000 343.150 1-000 44.10 44.13 -.07 20890 2.0881 204 
| 51 1621 1.000 343.150 1.200 52.92 52.98 ei il 223408 2.3393 206 
| 51 1622 1.000 343.2150 1-300 7/83) 57.43 -.18 224484 2.4461 209 
51 1625 1.000 343.150 1.350 59.53 59.66 -o22 224977 2.4949 olf 
51 1624 1-000 3432150 1.400 61.74 61.91 -.28 225442 25407 214 
51 1625 1.000 343.150 1.425 62-84 6304 =. 52 2.5663 25625 015 
51 1626 0.000 343.150 1.448 63-85 403.11 -84.16 2.5856 225818 214 
51 1627 1.000 343.150 9.149 403.44 403.35 202 2.6054 2.6132 -.30 


101 


Data sources and ID numbers: 


(79) Warowny 
Data We ight 
Point 

NO. 

1628 1-000 
1629 1.000 
1630 1.000 
1631 1.000 
1632 1.000 
1633 1.000 
1634 1.000 
1635 1.000 
1636 1.000 
1637 1.000 
1638 1.000 
1639 1.000 
1640 0-000 
1641 1.000 
1642 1.000 
1643 1.000 
1644 1-000 
1645 1.000 
1646 1-000 
1647 1-000 
1648 1.000 
1649 1.000 
1650 1.000 
165] 1.000 
1652 1.000 
1653 1.000 
1654 1.000 
1655 1.000 
1656 1.000 
1657 1.000 
1658 1.000 
1659 1.000 
1660 1.000 
1661 1.000 
1662 1.000 
1663 1-000 
1664 1-000 
1665 1-000 
1666 1.000 
1667 1.000 
1668 1.000 
1669 1.000 
1670 1.000 
1671 1.000 
1672 1.000 
1673 1.000 
1674 1.000 
1675 1.000 
1676 1.000 
1677 1.000 
1678 1-000 
1679 1-000 
1680 1.000 
1681 1.000 
1682 1.000 
1683 1.000 


Tempe 
K 


343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.150 
343.2150 
343.2150 
343.4150 
343.150 
343.150 
343.150 
343.150 
348.150 
348.150 
348.150 
348.150 
348.150 
348.150 
348.150 
348.150 
348.2150 
348.150 
348.150 
348-150 
348 2150 
348.150 
348.150 
348.150 
348-150 
348.150 
348.150 
348.150 
348.150 
348.150 
348.2150 
348.150 
348.150 
353-150 
3532150 
353.150 
353-150 
353150 
353 150 
353150 
353150 
353150 
353-2150 
353.2150 
353-4150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5 )Reamer , 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m 
9.155 403.69 
9.160 403.94 
9.165 404.17 
9.171 404.42 
9.177 404.67 
9.182 404.92 
9.188 405.15 
9.193 405.40 
1300 Wi Gee) 
1.350 59.53 
1.400 6174 
1.425 62.84 
1.448 6385 
9.147 403234 
9.152 403.60 
9-158 403.84 
9.164 404.09 
9-169 404.33 
9.175 404.59 
e800 3528 
1-000 44.10 
12400 61.74 
1 6500 66.15 
1.550 68.35 
1.600 70.56 
1.625 71 666 
1.650 72.276 
8.829 389.33 
8-834 389257 
8.840 389.81 
8.844 590.01 
8.850 390.25 
8.855 390.47 
8-860 390.71 
8-865 390.94 
9.000 396.88 
9.500 418.92 
2800 35.28 
9.001 396 94 
9.501 418.96 
9.999 440.91 
10-499 462.97 
11-000 485.05 
Vile 00" = 507s 1d 
« 800 35628 
1 000 44.10 
1-500 66015 
12700 74.97 
1-800 79037 
1-850 81.58 
| .900 83.78 
8.462 3735.14° 
8e467 373.35 
8.472 373.258 
8.477 373.79 
8.481 374.01 


Density 
calc 
kg/m? 


403.58 
403.82 
404 .06 
404 232 
404 .56 
404.81 
405.03 
405.26 
57242 
59.66 
61.90 
63.05 
40311 
403 13 
403.4] 
403.64 
403.89 
404.16 
404.37 
35.30 
44.09 
61.76 
66-21 
68.45 
70071 
7\ 284 
72697 
389.23 
389 .46 
389.71 
389.93 
390-16 
390.39 
390.61 
390.84 
396.55 
418.51 
35.30 
396-48 
418.53 
440.79 
463.09 
485.48 
507.89 
35 229 
44.07 
66.07 
74.97 
79245 
81.72 
83.99 
373.14 
373.35 
575i) 
373.80 
374.00 
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Density 
Diff. 
b 


203 
203 
203 
02 
203 
003 
003 
004 
-.17 
—.21 
-.26 
-.53 
-B4.16 
005 
205 
005 
205 
004 
205 
-.06 
201 
-.03 
-.10 
-.15 
-.21 
-.25 
-.28 
203 
203 
202 
202 
202 
202 
202 
203 
208 
210 
-.06 
012 
210 
005 
-.03 
-.09 
“e ] 3) 
-.04 
206 
012 
-.00 
-.10 
-.1/7 
-.25 
0.00 
200 
200 
-.00 
200 


Pexpt 
MPa 


2.6247 
2.6445 
2.6651 
2.6868 
2.7077 
2.7290 
2.7479 
27680 
224483 
224976 
225440 
2.5665 
2 23856 
225880 
226108 
2 26294 
2 6504 
226732 
26914 
1.8282 
201447 
226310 
22724) 
227666 
2 -8065 
28255 
2.8438 
2.8604 
2.8745 
2.8907 
229048 
29200 
2.9548 
29496 
2 69642 
323770 
5 «6828 
1.8281 
Sie Seley 
5.6861 
925096 
15-3466 
23 8349 
3526945 
1.8701 
2.2000 
228177 
2.9904 
3.0621 
3.0945 
321246 
321565 
31462 
3.1561 
321667 
31760 


Peale 


MPa 


226341 
2.26546 
226746 
226954 
227170 
267385 
2.7589 
2.7807 
24461 
2.4949 
225407 
2.5625 
2.5818 
2.6049 
2.6261 
26462 
2.6677 
26882 
227100 
1 8273 
2.1448 
26305 
267227 
2.7647 
2 ©8039 
228225 
2.8405 
2.8668 
2.8815 
22-8969 
2.9100 
2.9257 
29402 
2.9557 
2.9713 
34025 
5 1/387 
1.8273 
34076 
521436 
925358 
15-3066 
23-6406 
3522172 
1 8696 
222009 
228194 
2.9903 
3.0609 
3.0926 
321219 
3.1365 
321463 
321564 
3.1665 
3.1763 


Pressure 
Diff. 
b 


-.56 
-. 38 
-.36 
—.52 
~.54 
-.55 
-.40 
-.46 
209 
oll 
013 
016 
015 
-.65 
-.58 
-.65 
— 65 
-.56 
-.69 
005 
-.01 
002 
205 
207 
009 
ell 
012 
me 25 
-.24 
-.21 
-.18 
-.20 
-.18 
-.2| 
-.24 
-./5 
-.98 
204 
-1.05 
-].00 
-.28 
226 
282 
1-36 
_ 005 
-.04 
-.06 
200 
204 
006 
009 
200 
-.01 
-.01 
201 
-.01 


——= 


Data sources and ID numbers: 
(13)Cherney, (17)Tomlinson, (24)Ely, 
(79) Warownye 


(1)Virftal Equation, (2)Dawson, 


Table 7. (Continued) 


(3)Beattie, (4)Deschner, (5)Reamer 
(26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


, 


Data We i ght Temp. Den 
Poltnt ex 
Noe K mol/L 
1684 1.000 553150 8-486 
1685 1-000 353.150 8.491 
1686 1.000 353.150 8496 
1687 1.000 358150 2800 
1688 1.000 358150 1.000 
1689 1.000 358.2150 1.500 
1690 1 000 358.150 1-900 
1691 1.000 358-150 2-000 
1692 1 .000 358.150 2.100 
1693 1.000 358.150 2-200 
1694 1.000 358150 2225 
1695 1.000 358.150 8.025 
1696 1-000 358150 8.030 
1697 1.000 358-150 8.034 
1698 1.000 358.150 82039 
1699 1.000 358.150 8.043 
1700 1.000 358.150 8.048 
1701 1.000 358.150 8.052 
1702 1-000 3632150 2 800 
1703 1.000 363-150 1-000 
1704 1.000 363-150 1.500 
1705 1.000 363.2150 2-000 
1706 1-000 3632150 2-500 
1707 1.000 363.150 22550 
1708 1.000 363-150 2.600 
1709 1.000 363.150 22630 
1710 1.000 363150 22650 
TAL 1.000 363.150 72467 
1712 1-000 363.2150 72476 
ANS 1.000 363.150 72485 
1714 1-000 363150 72500 
1715 1.000 363.150 72507 
1716 1.000 363.2150 2-000 
1717 1-000 363.150 22500 
1718 1.000 3632159 22550 
1719 1.000 363-150 22600 
1720 1.000 363.2150 2630 
1721 1.000 363.150 2-650 
1722 1-000 363.150 7462 
1723 1.000 363150 7-466 
1724 1.000 363.150 7470 
1725 1.000 365.150 2800 
1726 1-000 365.150 1.000 
1727 1.000 365.150 1.500 
1728 1-000 365.2150 2-000 
1729 1.000 365 150 2-000 
1730 1.000 365.150 2-500 
1731 1-000 365.150 22500 
1732 1.000 3652150 2-700 
1733 1.000 365 150 2-700 
1734 1.000 365.150 2.750 
1735 1.000 365-150 2.750 
1736 1-000 365 150 2-800 
1737 1.000 365.150 2.800 
1738 1.000 365-150 2-850 
1739 1.000 365.150 2-850 
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ity Density Density Rawat Peale Emessune 
pt calc Diff. ar eDitites 
kg/m kg/m? % MPa MPa b 
374 23 374 22 200 3.1865 321865 -.00 
374.44 374.44 200 3.1964 3.1967 -.01 
374.66 374.63 201 322056 322072 -.05 
35.28 35.28 -.02 1.9117 1.9115 201 
44.10 44.05 °10 222547 22563 -.07 
66.15 65.98 025 2.9101 2.9141 -.14 
83.78 83-68 013 322525 32254) -.05 
88.19 88.16 204 53162 323166 -.01 
92.60 92.68 ~.08 DOSY 3.3708 003 
97.01 97.26 -.25 324196 324172 207 
98.12 98.42 - 51 34304 324277 208 
353288 354.13 -.07 34408 3.4336 21 
354.08 554.31 -.06 324461 35 24394 219 
354.28 354.52 -.07 324521 324452 220 
354.48 354.70 - 06 324574 324509 019 
354.68 354.88 -.05 324627 324569 17 
354.38 355-06 - 05 3.4682 34628 216 
DDD \OG = SD D2D -.05 324738 3.4688 015 
3528 3528 -.01 1 «9532 19531 200 
44.10 43.97 °29 223062 203111 -.21 
66.15 65.91 236 3.0010 3.0071 -.20 
88.19 87.93 050 324504 324545 -.12 
119.24 110.44 -.18 3.27063 3.27048 °04 
114.65 115.06 - 35 37385 3.7359 -07 
115.98 116-46 -.41 327470 3.7441 08 
116.86 117.39 - 45 3217524 37493 208 
329.29 529.89 -.18 SDD 3.7645 024 
329.66 | 330.23 -el7 327787 327700 223 
330-00 330.85 -.26 3.7882 37751 055 
330.71 331.19 -.14 32/935 3.7860 220 
SP) 00D. =S a G20) -.135 3.7985 3.7914 019 
88.19 87-92 2351 324504 324545 -.12 
110.24 110.45 -.19 37064 3.7048 004 
112.45 112.76 -.27 37232 327210 06 
114.65 115.08 -.57 37386 3.7359 207 
116-86 117245 -.50 327527 3.7493 209 
329 05 329.50 -.14 3.7676 3.7611 el7 
329.25 329.70 -.14 327/07 3.7640 18 
329.42 329.83 -.13 32/726 3.7664 016 
35.28 35228 -.00 1.9697 1.9697 200 
44.10 44.04 014 2 3506 2 ©3330 -.10 
66.15 65.58 287 3.20289 3.0439 “e 49 
88.19 87.87 e357 3.5035 3.5088 -.15 
88.19 87-85 039 325032 325088 -.16 
110.24 110.10 013 327774 32/787 -.03 
119.06 119.32 -.21 38456 3.8440 204 
119.06 119.222 SB 328450 3.8440 003 
121.27 121.63 - 250 328593 328572 005 
121.27 121.52 | 3.8587 328572 204 
123.47 123.95 39 328717 3.8693 206 
123.47 123.82 -.28 3.8711 3.8695 205 
125-68 126.31 -.50 3.8831 3.8801 208 
125.68 126-16 -.38 3.8824 3.8801 206 


Data sources and ID numbers: 


(1)Virial Equation, 


Table 7. 


(Continued) 


(2)Dawson, 


(3)Beattie, 


(4)Deschner , 


(5 )Reamer , 


(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


(79)Warowny e 
Data Weight 
Point 

Noe 

1740 1.000 
1741 1.000 
1742 1.000 
1743 1.000 
1744 1.000 
1745 1.000 
1746 1-000 
1747 1.000 
1748 1.000 
1749 | .000 
1750 1.000 
1751 1.000 
W752 1.000 
1753 1.000 
1754 1.000 
1755 1.000 
1756 ] 2000 
Ue 1.000 
1758 1.000 
1759 1-000 
1760 0.000 
1761 0.000 
1762 1 «000 
1763 1.000 
1764 1.000 
1765 1.000 
1766 1.000 
1767 1.000 
1768 1 000 
1769 1.000 
1770 1.000 
1771 1.000 
1772 1 «000 
WTS 1.000 
1774 1.000 
Wd 1.000 
1776 1.000 
AE. 1.000 
1778 1.000 
1779 1.000 
1780 1-000 
1781 1.000 
1782 i 000 
1783 1.000 
1784 1.000 
1785 1.000 
1786 1.000 
1787 1-000 
1788 1-000 
1789 1-000 
1790 1.000 
1791 0.000 
1792 0.000 
1793 1.000 
1794 1.000 
1495 1.000 


Tempe 
K 


365.150 
365 150 
365.150 
365 150 
365.2150 
365.150 
365.150 
365-150 
365.150 
365.150 
365.150 
365.150 
3652150 
365.150 
365.150 
367.150 
367.2150 
367.2150 
367.150 
367.150 
3672150 
367.2150 
367.150 
367-2150 
367.150 
367.150 
368150 
368.150 
368.150 
3632150 
368.150 
368 150 
368.150 
368.150 
368.150 
368.150 
368.150 
368.150 
368.150 
368.150 
368-150 
368.150 
368.150 
369.150 
369.150 
369.150 
369.2150 
3692150 
369-150 
369.150 
369.150 
369.150 
369.2150 
369-2150 
369.150 
369.150 


Density 
expt 

mol/L kg/m? 
22900 127.83 
22900 127.88 
HelOS 5 SDs 86 
7-167 316403 
Tetv1Ole- S608 
TN 105 = SiGe 
72-184 316.80 
7-184 316.80 
72192 Sted 
72192, SI7.16 
72200 317.48 
7-200 317.248 
Te207T = SISO 
e207 31780 
Te 2h4 =) Sie 
22500 110224 
32.000 132.29 
3-100 136-70 
3-200 141.11 
3.250 143432 
32270 144.20 
3.290 145.08 
60769 298.47 
6.772 298.62 
667/75 298.76 
6-/98 299.78 
» 800 3528 
1.000 44.10 
1.500 66.15 
2-000 88.19 
2.500 110.24 
32.000 1352.29 
3-200 141.11 
32300 145.52 
32350 147.73 
3-400 149.93 
30450 152.14 
3.500 154.34 
6-499 286257 
6.502 286.70 
6e505 286.84 
6.508 286.97 
60511 287-10 
2-500 110.24 
2-500 110.24 
3-000 132.29 
3-500 154.34 
5ef00, 165.616 
Jef DO-=- 165356 
3-800 167.57 
5°850:; 169.77 
3.900 171.98 
32920 172.486 
6.112 269.54 
60115 269.66 
6-118 269.78 


Density 


calc 
kg/m? 


128.63 
128.49 
316-61 
316.32 
316.88 
316-87 
317-42 
317.240 
317-76 
Sheil 
318.01 
318.06 
318.31 
318.236 
318.66 
110.06 
132.76 
137239 
142.08 
144.47 
298.47 
298 689 
299.47 
299.59 
299.73 
30051 
35228 
44.03 
65 86 
87.77 
110.00 
132.55 
141.71 
146.35 
148.68 
151.203 
153.36 
155.75 
287 68 
287-81 
287.89 
288 04 
288.15 
109.91 
109.95 
132-41 
155.14 
164.54 
166-47 
168.79 
171611 


, 268.91 


269-38 
270.58 
270-61 

270.75 


104 


Density 


Diff. 
é 


-.58 
-.47 
-.24 
=—29 
- 22 
-.22 
-.20 
-.19 
-219 
=.19 
-el/ 
=e | 8 
-.16 
=e 
=e { 7 
216 
36 
~.50 
-.69 
-.80 
-51 069 
-51.46 
055 
-.33 
232 
-.24 
200 
015 
243 
048 
022 
-.20 
-42 
-.57 
-.64 
-./3 
- 80 
-.91 
=.59 
-.38 
-.5/] 
-.5/] 
-. 56 
e351 
e27 
-.09 
-.51 
-.84 
-.67 
-./2 
-./8 
-366 05 
-35.83 
-.59 
-.55 
-.36 


Pexpt 
MPa 


328930 
328925 
3.9065 
329085 
3.9091 

329090 
329146 
329143 
329180 
329182 
3.9206 
329211 

329237 
3292453 
3.9275 
328498 
4.0024 
4.0201 

4.05453 
4.0403 
4.0424 
4.0444 
4.0473 
4.0480 
4.0487 
4.0529 
1.9944 
2.5629 
320910 
3.5818 
3.8852 
4.0478 
4.0840 
4.0973 
4.1029 
4.1079 
4.1121 

4.1158 
4.1199 
4.1203 
4.1205 
4.1210 
4.1213 
329199 
39204 
4.0928 
4.1713 
4.1857 
4.1877 
4.1898 
4.1915 
4.1929 
4.1934 
4.1947 
4.1948 
4.1949 


Peale 


MPa 


3.8899 
3.8899 
368993 
3.9009 
39023 
3.9023 
3 69083 
3.9085 
329118 
3.9119 
3.9151 
3.9151 
3.9184 
329185 
329218 
3.8515 
4.0004 
4.0177 
4.0317 
4.0375 
4.0596 
4.0416 
4.0424 
4.0431 
4.0438 
4.0489 
1.9944 
2.3656 
3.0987 
3.5892 
3.8876 
4.0465 
4 20820 
4.0952 
4.1007 
4.1056 
4.1099 
4.1137 
4.1166 
4.1170 
4.1174 
4.1177 
4.1181 
329234 
3.9234 
4.0922 
4.1697 
4.1841 
4.1866 
4.1887 
4.1906 
4.1921 
4.1926 
4.1935 
4.1937 
4.1938 


Pressure 
Diff. 
vA 


208 
206 
018 
220 
ol7 
el7 
16 
ol 5 
216 
216 
214 
015 
014 
015 
014 
-.04 
005 
006 
207 
07 
007 
007 
012 
012 
012 
210 
-.00 
=e 1 | 
-.25 
21 
-.06 
OS 
205 
205 
205 
005 
205 
205 
208 
208 
208 
208 
208 
-.09 
-.08 
202 
204 
004 
003 
°02 
202 
202 
202 
2035 
205 
005 


ID 


Data sources and ID numbers: 


Table 7. 


(1)Virta' Equation, 


(Continued) 


(2)Dawson, 


(3)Beattie, 


(4)Deschner, 


(5 )Reamer , 


_(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Telchmann, 


(79) Warowny e 
Data Weight 
Point 

Noe 

1796 1.000 
1797 1.000 
1798 1.000 
1799 1-000 
1800 1-000 
1801 1.000 
1802 1.000 
1805 1-000 
1804 1.000 
1805 1.000 
1806 1.000 
1807 1.000 
1808 1.000 
1809 1.000 
1810 1.000 
1811 1.000 
1812 1-000 
1813 1-000 
1814 1.000 
1815 1.000 
1816 1.000 
1817 1-000 
1818 1000 
1819 1.000 
1820 1.000 
1821 1.000 
1822 1.000 
1825 1.000 
1824 1.000 
1825 1.000 
1826 1.000 
1827 1.000 
1828 1.000 
1829 {000 
1830 1.000 
1831 1.000 
1832 1.000 
1853 1.000 
1834 1.000 
1855 1.000 
1836 | .000 
1837 1.000 
1838 1.000 
1839 1.000 
1840 1.000 
1841 1.000 
1842 1.000 
1843 1.000 
1844 1.000 
1845 1.000 
1846 1.000 
1847 1.000 
1848 1.000 
1849 1.000 
1850 1.000 
1851 1.000 


Temp e 
K 


369.150 
369.150 
369-150 
369.150 
369.150 
369.150 
369.150 
369.150 
369.150 
369.150 
369.150 
369.650 
369.2650 
369.650 
369.650 
369.650 
369.650 
369.650 
369.650 
369.650 
369.650 
369.650 
369.2650 
369.650 
369.650 
369.650 
369-650 
369.650 
369.750 
369.750 
369.750 
369.750 
369.2750 
369.750 
369.750 
369.750 
369.750 
369.750 
369.750 
369.750 
369.2750 
369.750 
369.750 
369.750 
369-750 
369.750 
369.750 
369.750 
369.750 
369.750 
369.750 
369.2770 
369.770 
369.770 
369.770 
369.770 


Densi 
expt 


ty 
kg/m? 


269.90 
270202 
270.14 
270.26 
270.26 
270.49 
270.73 
270.97 
273-37 
275.65 
286.63 
132.29 
143.32 
154.34 
165.36 
167.57 
169.77 
171.98 
174.18 
176.39 
251.49 
252.282 
253.86 
254.90 
254.91 
255 43 
255-96 
257.03 
174.213 
176.39 
178.59 
180.80 
183.00 
185.21 
189.62 
245.80 
247.228 
247.97 
247.98 
248.78 
249.98 
PON 
253 89 
176.39 
189.62 
244.92 
245.42 
245.91 
246.41 
248.42 
250.46 
176.39 
183.00 
185.21 
187.41 
189.62 


Density 
calc 
kg/m? 


270-78 
270-89 
271.01 
271-02 
271 03 
27125 
271 42 
271 59 
273251 
275 236 
285.43 
132.39 
143.67 
154.97 
166.13 
168.32 
170.49 
172.66 
174.99 
177.226 
252254 
25338 
254.202 
254.73 
254.88 
25511 
255-252 
256.33 
174.86 
177.24 
179.03 
181.47 
183.67 
185.37 
191.27 
245.14 
246.41 
246222 
246 22 
248.48 
249.24 
250-27 
251.92 
177.65 
191.61 
248.98 
248.98 
249.11 
249.11 
250.53 
251-54 
177.70 
184.61 
186.88 
189.21 
191.74 
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DensIty 
Diff. 
b 


- 32 
- 52 
— 32 
-.28 
-.28 
-.28 
-.25 
-.23 
-.05 
210 
242 
-.07 
-.24 
-.4] 
-.46 
-45 
-.42 
-.59 
-.46 
-.49 
-.42 
-.22 
-.07 
007 
201 
013 
el7 
027 

- 58 
-.43 
- 24 
sei 
- 36 
-.09 
- 86 
e2/7 
055 
7] 
0/2 
012 
230 
04] 
2/8 
-.71 
-1.04 
-1.63 
-1.43 
-1.29 
=| 209 
-.84 
-.43 
=e 74 
-.87 
-.89 
-.95 
-1.11 


Pexpt 
MPa 


4.1950 
4.1951 

4.1953 
4.1953 
4.1953 
4.1956 
4.1958 
4.1960 
4.1988 
4.2019 
4.2277 
4.1155 
4.1662 
4.1988 
4.2178 
4.2203 
4.2225 
4.2244 
4.2261 

4.2275 
4.2319 
4.2321 

4.23235 
4.2326 
4.2327 
4.23528 
4.23529 
4.2333 
4.2324 
4.2340 
4.2551 

4.23635 
4.237] 

4.2377 
4.2590 
4.2395 
4.23597 
4.2397 
4.2597 
4.2401 

4.2403 
4.2405 
4.2410 
4.2343 
4.2390 
4.2402 
4.2402 
4.2402 
4.2402 
4.2406 
4.2409 
4.2356 
4.2588 
4.2395 
4.2400 
4.2405 


Peale 


MPa 


4.1939 
4.1941 

4.1942 
4.1943 
4.1943 
4.1946 
4.1949 
4.1952 
4.1985 
4.2024 
4.2320 
4.1149 
4.1649 
4.1974 
4.2168 
4.2195 
4.2218 
4.2238 
4.2255 
4.2270 
4.2316 
4.2319 
4.2323 
4.2327 
4.2327 
4.2329 
4.2531 

4.2336 
4.2319 
4.2355 
4.2348 
4.2359 
4.23569 
4.2376 
4.2387 
4.2396 
4.2598 
4.2400 
4.2400 
4.2401 

4.2404 
4.2408 
4.2417 
4.2335 
4.2387 
4.2395 
4.23596 
4.2596 
4.2397 
4.2401 

4.2406 
4.2548 
4.2382 
4.2590 
4.2396 
4.2401 


Pressure 
Diff. 
q 


pb 


02 
202 
203 
-02 
-02 
202 
202 
202 
201 
-.01 
-.10 
01 
203 
093 
202 
202 
202 
201 
201 
01 
201 
200 
200 
-.00 
-.00 
-.00 
- 00 
-.01 
01 
201 
201 
201 
201 
200 
201 
-.00 
-.00 
-.01 
-.01 
-.00 
-.00 
-.01 
-.02 
202 
201 
202 
204 
201 
201 
01 
01 
202 
201 
01 
01 
201 


52 


DZ 


52 


Data sources and ID numbers: 


(79) Warownye 
Data We ight 
Potnt 

Noe 

1852 1.000 
1853 0.000 
1854 ] 000 
1855 1.000 
1856 1-000 
1857 1.000 
1858 1.000 
1859 1.000 
1860 1.000 
1861 1.000 
1862 1.000 
1863 1-000 
1864 1.000 
1865 0.000 
1866 1 2000 
1867 1.000 
1868 1.000 
1869 1.000 
1870 1.000 
1871 1.000 
1872 1.000 
1873 1.000 
1874 1.000 
1875 1.000 
1876 1.000 
1877 0.000 
1878 1.000 
1879 1.000 
1880 1.000 
1881 1.000 
1882 1.000 
1883 1.000 
1884 1.000 
1885 1.000 
1886 1.000 
1887 1-000 
1888 1-000 
1889 0.000 
1890 1-000 
1891 1.000 
1892 1-000 
1893 1.000 
1894 1.000 
1895 1-000 
1896 1.000 
1897 1.000 
1898 1.000 
1899 1.000 
1900 1 e000 
1901 1.000 
1902 0.000 
1903 1.000 
1904 1.000 
1905 1.000 
1906 1.000 
1907 1.000 


Temp « 
K 


369.770 
3692770 
3692770 
369-770 
369.770 
369-770 
369.770 
369.790 
369.790 
369.790 
369.790 
369-790 
369.790 
369.790 
369.790 
369.790 
369.790 
369.790 
369.2790 
369-810 
369.810 
369.810 
369.810 
369.810 
369.810 
369.810 
369.810 
369.810 
369.2810 
369.810 
369.810 
369.830 
369.2850 
369 6830 
369.830 
369.830 
369.830 
369 «830 
369-850 
369.830 
369.830 
369 «830 
369.830 
369.830 
369.840 
369.840 
369-840 
369.840 
369. 840 
369.840 
369.840 
369.840 
369.840 
369.840 
369.840 
369.840 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


DensIty 
expt 
mol/L kg/m? 
4.350 191.82 
4.440 195.79 
52544 244.46 
5-566 245.43 
5.611 247.42 
5.655 249.37 
Die OS eee2 oils 0 
4.020 177.29 
4.221 186.15 
4.272 188.37 
4.322 190.59 
4.372 192.80 
4.423 195.02 
4.486 197.83 
5919-4 2451058 
5 DOS) Zab 2 
5.609 247.32 
5.654 249.34 
5.701 251-40 
4.000 176239 
4.200 185.21 
4.300 189.62 
4.350 191.82 
4.400 194.03 
4.450 196.23 
4.530 199.76 
50473 = 241.35 
DONT Vea sieZi, 
5 561 245.24 
5-629 248.23 
5-699 251.30 
4.000 176.39 
4.200 185.21 
4.300 189.62 
4.400 194.03 
4.450 196.23 
4.500 198.44 
4.572 201.61 
5 2351 235.99 
5475 241,232 
oot 6. 245.25 
5.561 245.220 
5.606 247.20 
5-675 250.24 
4.000 176 39 
4.200 185.21 
4.400 194.03 
4.450 196.23 
4.500 198.44 
4.550 200.64 
4.600 202.85 
5500: a 2556110 
5-340 235.49 
De 382 Vi 257 52 
52450 240.35 
52499 =. 242.51 


Density 


calc 
kg/m? 


194.08 
244.56 
247.37 
248.11 
249.12 
25048 
25177 
178.58 
187.72 
188.68 
192.14 
194.92 
196.99 
242 23 
246 00 
247210 
247.93 
249.46 
251-08 
177264 
186.38 
191.02 
193.07 
195.65 
198.52 
241.11 
244.37 
244.78 
246.17 
248.18 
250.54 
177.279 
186.45 
191.08 
195.67 
198.10 
200.51 
236207 
241.27 
242.85 
243.91 
245-77 
247.35 
249.45 
177.61 
186.71 
195.96 
197.88 
199.86 
205.97 
234.49 
240.24 
241.212 
240.70 
241.81 
243.66 


106 


Density 


Diff. 
% 


-1.16 
-19.94 
-| ol7 
-] .08 
-.68 
-.44 
=e 11 
-./3 
- 84 
-.16 
-.8!1 
-1.09 
-1.00 
-18. 55) 
-1.07 
SelZ 
- 24 
-.05 
013 
-./1 
-.635 
-/4 
-.64 
-.85 
-1.15 
-1 7215 
-1.24 
-.61 
- 38 
202 
10) 
-./9 
-.66 
-./6 
- 284 
-.94 
-1.04 
-14.60 
2.19 
-.63 
iCall 
=.25 
-.06 
Sy 
-.69 
-.80 
-.99 
-.83 
-.71 
-2.59 
-13.49 
-2./2 
-2 34 
-1.40 
-.60 
-.47 


Pexpt 
MPa 


4.2408 
4.2412 
4.2417 
4.2418 
4.2421 

4.2424 
4.2428 
4.2375 
4.2411 

4.2413 
4.2420 
4.2423 
4.2425 
4.2428 
4.2433 
4.2435 
4.2436 
4.2440 
4.2445 
4.2382 
4.2421 

4.2432 
4.2436 
4.2439 
4.2441 

4.2444 
4.2448 
4.2449 
4.2451 

4.2455 
4.2462 
4.23596 
4.2435 
4.2447 
4.2453 
4.2455 
4.2457 
4.2459 
4.2462 
4.2464 
4.2465 
4.2468 
4.2472 
4.2477 
4.2402 
4.2443 
4.2461 

4.2463 
4.2464 
4.2466 
4.2467 
4.2470 
4.2471 

4.2471 

4.2472 
4.2474 


Peale 


MPa 


4.2405 
4.2409 
4.2412 
4.2414 
4.2417 
4.2421 

4.2427 
4.2367 
4.2407 
4.2413 
4.2417 
4.2421 

4.2423 
4.2426 
4.2429 
4.2431 

4.2435 
4.2440 
4.2446 
4.2374 
4.2417 
4.2429 
422434 
4.2437 
4.2439 
4.2442 
4.2445 
4.2447 
4.2449 
4.2455 
4.2464 
4.2387 
4.243] 

4.2444 
4.2451 

4.2454 
4.2456 
4.2457 
4.2459 
4.2462 
4.2464 
4.2467 
4.2471 

4.2479 
4.2593 
4.2438 
4.2458 
4.2461 

4.2463 
4.2464 
4.2465 
4.2467 
4.2467 
4.2468 
4.2470 
4.2472 


Pressure 
Diff. 
a 


201 
01 
001 
001 
201 
01 
200 
002 
01 
200 
201 
201 
200 
209 
201 
01 
200 
200 
-.00 
202 
001 
201 
200 
200 
200 
001 
201 
200 
200 
-.00 
-.01 
002 
201 
201 
200 
200 
200 
200 
201 
200 
200 
200 
200 
-.01 
°02 
201 
201 
200 
200 
200 
200 
201 
201 
001 
00 
200 


Data sources and |D numbers: 


(79) Warowny « 
Data Weight Temp. 
Potnt 
Noe K 
1908 1-000 369.840 
1909 1-000 369.850 
1910 1.000 369 6850 
1911 1.000 369.850 
1912 1.000 369.850 
1913 1.000 369.850 
1914 0.000 369.850 
1915 0.000 369.850 
1916 0.000 369.850 
1917 1.000 369.850 
1918 1.000 369.850 
1919 1.000 369.850 
1920 1-000 369.850 
1921 1.000 369.850 
1922 1.000 369.850 
1923 1.000 369-850 
1924 1-000 369.850 
1925 1.000 369.850 
1926 0.000 369.850 
1927 1.000 369.850 
1928 1.000 369.850 
1929 1.000 369. 850 
1950 1.000 369.850 
1931 1.000 369.850 
1932 1.000 369-850 
1933 1.000 369.850 
1934 1.000 369.850 
1935 1.000 369.850 
1936 1-000 369-850 
1957 1.000 369 - 860 
1938 1.000 369-860 
1939 1.000 369-860 
1940 1-000 369.860 
1941 1.000 369.860 
1942 1.000 369.860 
1943 1.000 369.860 
1944 1.000 369.860 
1945 1.000 369.860 
1946 1.000 369.860 
1947 1-000 369.860 
1948 1.000 369.860 
1949 1.000 369.860 
1950 1.000 369.860 
1951 1-000 369-870 
1952 1.000 369.870 
1953 1-000 369.870 
1954 1-000 369-870 
1955 1-000 369-870 
1956 1.000 369.870 
1957 1.000 369.870 
1958 1-000 369.870 
1959 1.000 369 6870 
1960 1-000 369-870 
1961 1.000 369.870 
1962 1.000 369.870 
1963 1.000 369.870 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


DensI ty 
expt 
mol/L k g/in? 
5-600 246.96 
4.000 176.39 
4.200 185.21 
4.400 194.03 
4.600 202.85 
4.800 211.67 
5-000 220.49 
5-000 220.49 
5200 229.31 
52400 238.13 
5-600 246.94 
4.000 176-39 
4.200 185-221 
4.400 194.03 
4.450 196.23 
4.500 198.44 
4.550 200.64 
4.600 202.85 
4.750 209.46 
4.900 216.08 
5-000 220.49 
5-100 224.90 
52150 227.10 
52150 227.210 
52300 233./2 
523550 255.92 
5e400 238.13 
52500 242.53 
5-600 246.94 
4.000 176.39 
4.147 182.87 
4.400 194.03 
4.600 202.85 
4.700 207.26 
4.800 211.67 
4.900 216.08 
5-000 220.49 
5-100 224.90 
5200 229.31 
Dos) VA3b5 1/2 
Die OOM 125 Breili5 
5.500 242.53 
5-600 246.94 
4.000 176.39 
4.200 185-21 
4.400 194.03 
4.600 202.85 
4.700 207.26 
4.800 211.67 
4.900 216.08 
5-000 220.49 
52100 224.90 
5200 229.31 
52300 8233-72 
52400 238.13 
5-500 242.53 


Density Density 
calc Diff. 
kg/m ra 

246.74 209 

177.04 -.5/ 

185.29 -.04 

193.06 050 

197.69 2.61 

198.93 6.40 

199.95 10.27 

199.20 10.68 

199.49 14.94 

228.29 4.31 

241.74 2215 

177.64 -./0 

186.54 -o/| 

195.62 - 82 

197.92 -.85 

200.27 -.92 

201.99 -.6/ 

207.91 2 43 

PISSSVSS) -10.15 

235.95 -7.65 

236222 -6.66 

23665 -4.97 

237.78 -4.49 

237-205 -4.20 

239.00 -2.21 

2384/2 —|.17 

239227 -.48 

242.97 -.18 

246.01 258 

177-46 -.61 

183.83 -.52 

194.48 -.25 

202-38 225 

216.54 4.29 

206 -69 2.41 

228-90 -5 .60 

223.253 -1.36 

232.66 -3 34 

232-66 -1.44 

234.40 -.29 

238-52 -.16 

241.76 0352 

245 46 260 

177.46 -.60 

186-08 - 47 

194.97 -.48 

203.41 -.28 

207220 203 

218.231 -3.04 

224.98 -3 .96 

230-36 -4.29 

23139 -2.81 

232 24 -1.27 

234.72 -.43 

237.135 042 

241 52 242 


107 


Pexpt 
MPa 


4.2479 
4.2404 
4.2445 
4.2464 
4.2470 
4.247] 

4.2472 
4.2471 

4.2471 

4.2475 
4.2480 
4.2408 
4.2449 
4.2468 
4.2470 
4.2472 
4.2473 
4.2474 
4.2475 
4.2476 
4.2476 
4.2477 
4.2477 
4.2477 
4.2478 
4.2478 
4.2478 
4.2482 
4.2487 
4.2414 
4.2447 
4.2474 
4.2480 
4.2483 
42482 
4.2483 
4.2483 
4.2484 
4.2484 
4.2484 
4.2486 
4.2489 
4.2495 
4.2420 
4.2462 
4.2481 

4.2488 
4.2490 
4.249] 

4.2491 

4.2492 
4.2492 
4.2492 
4.2493 
4.2494 
4.2498 


Peale 


MPa 


4.2480 
4.2400 
4.2445 
4.2466 
4.2473 
4.2475 
4.2475 
4.2475 
4.2475 
4.2477 
4.2489 
4.22400 
4.2445 
4.2466 
4.2468 
4.2470 
4.2472 
4.2473 
4.2474 
4.2475 
4.2475 
4.2475 
4.2475 
4.2475 
4.2475 
4.2476 
4.2477 
4.2481 

4.2489 
4.2406 
4.2443 
4.2473 
4.248] 

4.2482 
4.2482 
4.2485 
4.2485 
4.2483 
4.2483 
4.2484 
4.2486 
4.2490 
4.2498 
4.2413 
4.2459 
4.2480 
4.2488 
4.2490 
4.2490 
4.2491 

4.2491 

4.2491 

4.2492 
4.2493 
4.2495 
4.2499 


(5 )Reamer , 


Pressure 
Diff. 
4A 


-.00 
01 
°00 

-.00 

-.01 

-.01 

-.01 

-.01 

-.01 

-.01 

-.02 
002 
001 
«00 
200 
200 
200 
200 
200 
200 
200 
200 
201 
00 
201 
200 
200 
200 

-.00 
202 
201 
200 

-.00 
200 

- 00 
200 
200 
200 
200 
200 
200 

-.00 

-.01 
202 
201 
200 
200 

-.00 
200 
200 
200 
200 
200 
200 

-.00 

-.00 


i) 


52 
51 
5] 
51 
51 
31 
31 
51 
51 
51 
51 
51 
51 
51 
51 
Dy 
51 
31 
51 
51 
51 
5] 
51 
51 
51 


Data sources and ID numbers: 


Data 
Point 
NOe 


1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

1982 
1983 
1984 
1985 
1986 
1987 
1988 


Weight 


1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
0.000 
0.000 
1.000 
0-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1.000 


K 


369.870 
369.900 
369.900 
369.900 
369.2900 
369 900 
369900 
369-900 
369.900 
369.900 
369.900 
369.900 
369.900 
369-900 
369-900 
3702150 
3702150 
3702150 
370.150 
370.150 
379.2150 
3702150 
370150 
3702150 
370.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Tnomas, (78)Teichmann, 
(79) Warowny e 


Density 
expt 
mol/L kg/in? 
5.600 246.94 
4.000 176.39 
4.200 185.21 
4.560 201.08 
4.600 202.85 
4.700 207.26 
4.800 211.67 
4.900 216.08 
52000 220.49 
52100 224.90 
De 20022901511 
535006 5255.72 
52400 238.13 
5-600 246.94 
52800 255.76 
2.500 110.24 
3.000 132.29 
3.500 154.34 
4.000 176239 
4.500 198.44 
4.750 209.46 
52000 220.49 
De 290! 251651 
52500 242.53 
6-000 264.58 


Density 


calc 
kg/m 


245 443 
176.78 
185.09 
195.210 
197.04 
198.86 
198.34 
197.221 
291 263 
199-76 
202226 
21553 
207.64 
240.84 
251 263 
109.89 
132.30 
154.85 
176.66 
194.37 
291237 
205-72 
212.74 
227.02 
259.93 


108 


Density 
Diff. 
é 


262 
-.22 
»06 
3.07 
2.95 
4.22 
6072 
9.57 
9.35 
12.58 
13.37 
B.44 
14.68 
2.54 
1.64 
052 
-.00 
-.351 
-.15 
1.85 
4.02 
7.18 
8.82 
6083 
1.79 


Pexpt 
MPa 


4.2504 
4.2435 
4.2479 
4.2503 
4.2506 
4.2508 
4.2507 
4.2506 
4.2510 
4.2509 
4.2510 
4.2514 
4.2513 
4.2524 
4.2549 
3529553 
4.1376 
4.2262 
4.2596 
4.2633 
4.2696 
4.2702 
4.2710 
4.2725 
4.2845 


Poate 


MPa 


4.2507 
4.2432 
4.2479 
4.2510 
4.2511 
4.2513 
4.2514 
4.2514 
4.2515 
4.2516 
4.2517 
4.2513 
4.2521 
4.25355 
4.2569 
3.9591 
4.1376 
4.2249 
4.2594 
4.2691 
4.2706 
4.2718 
4.2730 
4.2750 
4.2898 


Pressure 
Diff. 
i 


-.O1 

001 
= .00 
-.0O1 
-.01 
-.01 
-.02 
-.02 
-.01 
-.02 
-.02 
bat) 01 
-.02 
-.03 
-.05 
-.10 

200 

003 

201 
-.02 
-.02 
-.04 
-.05 
-.06 
-.12 


Data sources and 
(13)Cherney, (17)Tomlinson 


(79) Warowny. 
Data Weight 
Point 

No. 
1989 0.000 
1990 0.000 
1991 0.000 
1992 0.000 
1993 0.000 
1994 0.000 
1995 0.000 
1996 0.000 
1997 0.000 
1998 0.000 
1999 0.000 
2000 0.000 
2001 0.000 
2002 0.000 
2003 0.000 
2004 0.000 
2005 9.000 
2006 0.000 
2007 0.000 
2008 0.000 
2009 0.000 
2010 0.000 
2011 0.000 
2012 0.000 
2013 0.000 
2014 0.000 
2015 0.000 
2016 0.000 
2017 0.000 
2018 0.000 
2019 0.000 
2020 0.000 
2021 0.000 
2022 0.000 
2023 0-000 
2024 0.000 
2025 0.000 
2026 0.000 
2027 0.000 
2028 0.000 


1D numbers: 


Temp. 
K 


322.594 
324.817 
327.2594 
318.706 
323.150 
327.594 
313.706 
320.928 
327.2594 
309.261 
314.817 
320.372 
325-928 
304.261 
313.150 
322.039 
298.150 
305.2372 
313-706 
322.059 
293.6150 
298.150 
308.150 
316.483 
298.150 
299.817 
303.150 
308.706 
282.594 
284.261 
291.483 
298.150 
303.150 
277.594 
285.928 
291.483 
298.150 
280.372 
285.928 
291.483 


Table 7. 


(1)Viria 


| Equation, (2)Dawson, 


(Continued) 


(3)Beattie, (4)Deschner , 


(5)Reamer 


(24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Densi 
expt 
mol/L 


10.259 
10.257 
10.254 
10.439 
10.434 
10.429 
10.619 
10.611 
10.603 
10.816 
10.810 
10.802 
10.796 
10.997 
10.986 
10.975 
11.183 
11.173 
11.162 
11.151 
11.364 
11.357 
11.343 
11.332 
11.532 
11.547 
11.525 
11.517 
11.724 
11.722 
11.710 
11.700 
11.693 
11.880 
11.866 
11.857 
11.847 
12.038 
12.029 
12.020 


ty 
kg/m? 


452.40 
452-29 
452.16 
460.31 
460.09 
459.87 
468.29 
467.90 
467.56 
476.97 
476.67 
476.36 
476.07 
484.95 
484.44 
483.95 
493.15 
492.69 
492.21 
491.73 
501.13 
500.81 
500-20 
499.70 
508.54 
509.17 
508.23 
507.88 
517.01 
516.89 
516-37 
515.95 
515.63 
523.87 
523.27 
522.87 
522.43 
530.85 
530.43 
530.04 


Dens ity Density 
calc Diff. 
kg/m> g 

451.56 19 

451.41 19 

451.30 219 

459.51 Sti 

459.27 - 18 

459.09 siz 

467.57 oD 

467.21 sili 

466.92 14 

476.40 ‘IZ 

476.06 ile) 

475.179 GZ 

475.49 212 

484.34 ele 

483.85 12 

483.42 olnl 

492.60 euit 

492.19 210 

491.74 210 

491.30 09 

500.68 209 

500.39 08 

499.86 07 

499.43 205 

508.21 O07 

509.61 -.09 

507.93 206 

507.64 °05 

516.63 07 

516.52 207 

516.11 205 

BN 7/5) 004 

515.42 04 

D254, 06 

523.06 204 

D226 UD) 02 

522-37 01 

530.84 -.00 

530-49 -.01 

530.20 -.03 


109 


Pexpt 
MPa 


2.0774 
29110 
329672 
2.0864 
3.8638 
526523 
1.7382 
4.8022 
726311 
1.9140 
4.4064 
6.9085 
923913 
1.7127 
529412 
10. 1567 
1.1238 
4.7615 
8.9370 
13.0890 
1.1445 
3.8100 
9.1162 
13.5096 
629272 
8.5157 
9.7195 
12.8125 
1.1625 
2.1484 
604383 
10.3635 
13.2765 
1.0563 
622501 
9.6864 
13.7792 
65/69 
10.1780 
13.7881 


Peale 


MPa 


202342 
3.0809 
4.1402 
222552 
4.0467 
58351 
1.9070 
4.9781 
78069 
220652 
4.5778 
7.0777 
925736 
1.8918 
6.1290 
10.3414 
1.2935 
4.9342 
9.1134 
13.2597 
1.3031 
3.9649 
9.2563 
13.6266 
720698 
863215 
9.8542 
12.9268 
1.3245 
223107 
6.5580 
10.4706 
1323815 
1.2104 
623549 
9.7503 
13.8113 
625/29 
10.1461 
13.6958 


Pressure 
Diititrs 
ys 


-7.02 
Die IZ 
-4.18 
-7249 
-4.52 
Dial 
-8.85 
-3.53 
-2.25 
-7.32 
-3.74 
-2.39 
-1.90 
-9.47 
-3.06 
-1.79 
PB IGII72 
-3.50 
-1.94 
-1.29 
= Zeal 
-3.90 
-1.51 
-.86 
-2.02 
2.33 
OST 
-.88 
-12.23 
-7.02 
-1.82 
-1.02 
-./8 
-12.74 
-1| 65 
-.65 
-e235 
206 
5) 
267 


FPHPHPHAPHHAAHAAHAAHAHAHAP HAHAHA FA HAHAHAHA AAAAAAHDAHAAHA HAHAHAHAHA AHAHAHANA 


Data sources and 


(79) Warowny. 


Data Weight 
Point 

No. 

2029 0.000 
2030 0.000 
2031 0.000 
2032 0.000 
2033 0.000 
2034 0.000 
2035 0.000 
2036 0.000 
2037 0-000 
2038 0.000 
2039 0.000 
2040 0.000 
2041 0.000 
2042 0.000 
2043 0.000 
2044 0.000 
2045 0.000 
2046 0.000 
2047 0.000 
2048 0-000 
2049 0.000 
2050 0.000 
2051 0.000 
2052 0.000 
2053 0.000 
2054 0.000 
2055 0.000 
2056 0.000 
2057 0.000 
2058 0.000 
2059 0-000 
2060 0.000 
2061 0.000 
2062 0.000 
2063 0.000 
2064 0.000 
2065 0.000 
2066 0.000 
2067 0.000 
2068 0.000 
2069 0.000 
2070 0.000 
2071 0.000 
2072 0.000 
2073 0.000 
2074 0.000 
2075 0.000 
2076 0.000 
2077 0.000 
2078 0.000 
2079 0.000 
2080 0.000 
2081 0.000 
2082 0.000 
2083 0.000 
2084 0.000 


1D numbers: 


Tempe 
K 


303.2150 
348.150 
373.150 
380-950 
303-150 
348.150 
303-150 
380.950 
303.150 
348.150 
303-150 
373.150 
380.950 
398. 150 
303-150 
348.150 
303-150 
303.150 
348.150 
303-150 
303-150 
348.150 
3736150 
380.950 
398.150 
348. 150 
348. 150 
373-150 
380.950 
396.150 
348.150 
348.150 
348.150 
373.150 
380-950 
398.150 
348.150 
348.150 
373.150 
380.950 
398.150 
348.150 
348.150 
373.2150 
380.950 
398.150 
373-150 
380.950 
398.150 
373.150 
380.950 
398.150 
373.150 
380.950 
398. 150 
373.6150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer , 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 

mol/L kg/m? 
2041 1.79 
0035 1.55 
0033 1.44 
2032 1.41 
2083 3264 
2071 3.13 
e 126 5.55 
2098 4.30 
2171 70535 
0145 6.40 
e217 9.59 
e170 7248 
2165 7228 
2158 6.95 
» 266 Ted 
e225 9.82 
e517 13.299 
05/1 16.38 
2504 13-40 
0429 18.93 
0495 Z2iielS 
0589 ACA 
AEE) 15.66 
0345 15.15 
2327 14.41 
2480 2 lvenl. 
577 25242 
2362 24.78 
2559 23.78 
2306 22.29 
2680 29.99 
0/92 34.92 
0915 40.33 
2/96 35-08 
2/58 3344 
° 709 SilieZ5 
1.052 46.39 
1.208 53.28 
1.065 46.97 
1.006 44.35 
2928 40.92 
1.398 61.66 
1.617 71229 
1.391 61.33 
1.292 56.99 
1.172 51269 
1.807 79.68 
1.641 7235 
1.451 64.00 
22436 107.41 
2.099 92.57 
1.776 7825) 
5e216 230.02 
2.738 120.74 
2-161 95.28 
6.656 293.50 


Density Density 
cale Diff. 
kg/m? b 

1.80 -.80 
1.56 -./4 
1.45 -./8 
1.42 -.83 
3.67 -./9 
3.16 -./9 
5059 -.81 
4.34 -.98 
7259 - 80 
6.45 -./8 
9.66 -.82 
eee) -.66 
7255 -1.03 
7.00 ied 
11.83 oie) 
9.90 -./7 
14.09 =./1 
16.48 =e09 
13.51 -.81 
19.00 54 
21.68 °21 
17.31 -.83 
15.75 - 54 
15.33 -1.20 
14.50 -.62 
21.33 -.// 
25-62 -./6 
24.84 -.2] 
24.07 -1.22 
22.58 -1.28 
30.22 =e1D 
558 19 -./6 
40.64 OU) 
35208 -.01 
35.019 -1.04 
Sei, 58 
46.71 -.69 
53665 -./0 
46.93 209 
44.80 -1.00 
41.02 -. 24 
61.91 42 
72.55 ~1.73 
61.23 Gil) 
57264 aed 
Dire: -15 
79.91 =e29 
7336 -1.37 
63.99 202 

109.24 -1.67 
94.24 =1.78 
78.25 207 

248.93 -7.59 
127.28 -5.14 
95.54 -e2] 

294.08 -.20 


110 


Pexpt 
MPa 


21013 
21013 
21013 
21013 
°2027 
22027 
25040 
23040 
24053 
04053 
e 9066 
2066 
° 9066 
29066 
°6080 
26080 
2/093 
8106 
28106 
9119 
1.0133 
1.0153 
1.0133 
1.0133 
1.0133 
1.2159 
1.4186 
1.5199 
1.5199 
1.5199 
1.6212 
1.8239 
20265 
2.0265 
2.0265 
220265 
222292 
204318 
229531 
225531 
2.5331 
226345 
228371 
320398 
3.0398 
320398 
325464 
35464 
325464 
4.0530 
4.0530 
4.0530 
4.5596 
4.5596 
4.5596 
4.7623 


Peale 


MPa 


e 1005 
e 1006 
e 1005 
21005 
2011 
22011 
25016 
25011 
©4025 
04025 
23028 
25034 
22016 
29050 
26036 
26036 
2/049 
28066 
-8046 
09094 
1.0149 
1.0058 
1.0083 
1.0020 
1.0074 
1.2079 
1.4096 
1.5164 
1.5037 
1.5025 
1.6115 
1.8134 
22-0156 
220264 
2.0091 
220199 
222190 
224217 
225348 
225139 
2.5283 
226287 
2.8164 
320430 
3.0161 
320363 
3.5411 
325174 
3.5468 
4.0299 
4.0185 
4.0547 
4.5284 
4.4818 
4.5528 
4.757) 


Pressure 
Ditkfhatee 


80 
0/4 
-/8 
283 
e// 
°/8 
o// 
296 
2/6 
2/6 
°/6 
264 
1.00 
0/3 
e/ | 
e/3 
262 
250 
0/4 
o2/ 
5/1) 7/ 
0/4 
249 
1.12 
258 
266 
263 
223 
1.08 
1.16 
260 
058 
054 
01 
087 
55) 
046 
42 
-.07 
oJ] 
219 
022 
0/3 
=5 1h! 
2/9 
ell 
015 
283 
-.01 
Oa 
286 
-.04 
269 
1.74 
015 
oll 


PPP HHHH HAH HPHHPHP HAHAH HAF HHPHPHAHAAAAAAAA AHA HAHAHA ARA HAHAH HRA HEAL 


Data sources and |D numbers: 


(79) Warowny. 

Data Weight Tempe 
Point 

No. K 
2085 0.000 373-150 
2086 0.000 373-150 
2087 0.000 373-150 
2088 0.000 380.950 
2089 0.000 398.150 
2090 0.000 373.6150 
2091 0.000 380.950 
2092 0.000 398.150 
2093 0.000 380.950 
2094 0.000 380.950 
2095 0.000 373.2150 
2096 0.000 380.950 
2097 0.000 398.150 
2098 0.000 373.150 
2099 0.000 380.950 
2100 0.000 398.150 
2101 0.000 373-150 
2102 0.000 380-950 
2103 0.000 398.150 
2104 0.000 373.6150 
2105 0.000 380.950 
2106 0.000 398.150 
2107 0.000 373150 
2108 0.000 380-950 
2109 0.000 398.150 
2110 0.000 375.150 
2111 0.000 380.950 
2112 0.000 398.150 
2113 0.000 373-150 
2114 0.000 380-950 
2115 0.000 398.150 
2116 0.000 373-150 
2117 0.000 380.950 
2118 0.000 398.150 
2119 0.000 373150 
2120 0-000 380.950 
2121 0.000 398. 150 
2122 0.000 373-150 
21235 0.000 380.950 
2124 0.000 398.150 
2125 0.000 373.150 
2126 0.000 380.950 
2127 0.000 398.150 
2128 0.000 373.150 
2129 0.000 380.950 
2130 0.000 398.150 
2131 0.000 373.150 
ZN52 0.000 380.950 
2133 0.000 398.150 
2134 0.000 373-150 
2135 0.000 380.950 
2136 0.000 398.150 
2137 0.000 373-150 
2138 0.000 380.950 
2139 0.000 398. 150 
2140 0.000 398.150 


Table 7. 


(Cont inued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m? 
6.881 303-45 
7.065 311.56 
7e213 318.06 
4.076 179.74 
2-641 116.44 
7.675 5338.45 
6-078 268.01 
3.287 144.94 
6.472 285.40 
6-774 298.72 
8.007 353.11 
6.906 304.55 
4.134 182.30 
8.255 365.12 
UosVe)  SY45)005) 
5-044 8222.42 
8.409 370.79 
7.657 5562/8 
5-774 254.60 
8.565 377671 
72862 346.67 
6.320 278.68 
8.675 382.43 
8.051 355204 
6.734 296.93 
8.806 388.31 
8.229 562.87 
72084 312.38 
8.917 393-420 
8.369 369.04 
ie D9 S245 
9.016 397.57 
8.491 374.43 
72999 555-08 
9.109 401.70 
8.602 379.32 
7-774 342.80 
9.186 405.07 
8.698 383.55 
VoSBe) SHV Wo 
9.257 408.19 
8.787 387.47 
8.082 356.41 
9-320 410.97 
8.876 5391.42 
8-204 361.77 
9.376 413246 
8.960 595.10 
8.315 366.67 
9.431 415.87 
9.058 398.55 
8.412 370.96 
9.486 418.31 
9-120 402.15 
8.501 374.85 
8.656 381./0 


Density Density 
calc Diff. 
kg/m? g 

303.69 -.08 

310.98 218 

316.91 256 

203.65 -11./74 

WikoSe) -.93 

336.86 oA7 

280.62 -4.49 

146.83 -1.29 

295-54 -3.43 

306.54 -2.55 

349.73 097 

Sililreutal -2.11 
184.72 -1.31 

359.44 1.02 

328.55 -1.68 

223.259 -.52 

367.34 94 

340.91 -1.21 

2552/2 -.44 

374.05 98 

350.59 -1.12 

279.93 -44 

379.91 267 

358.59 -.99 

297.88 252 

385.12 83 

365.44 -./0 

Sows) oil 

389.83 286 

371.45 -.65 

322.88 oil 

394.14 28/7 

376282 -.63 

332.19 08/7 

398.12 90 

381.68 -.62 

340.18 aud 

401.81 81 

386.13 -.6/ 

347.17 84 

405.27 oz 

390.24 -./1 

355259 285 

408.51 °60 

394.06 -.6/7 

359.01 oil 

411.58 046 

397.63 -.64 

364.13 -/0 

414.49 SEB) 

400.99 -.61 

368.83 258 

417.25 2D 

404.16 -.50 

S/o We) 044 

381.06 el7 


111 


Pexpt 


MPa 


4.86536 
4.9649 
5.0663 
5.0663 
50663 
525129 
DeDIZ9 
525129 
DOU 
529782 
620795 
6.0795 
6.0795 
6.5861 
6.5861 
6.5861 
720928 
720928 
720928 
725994 
725994 
725994 
8.1060 
8- 1060 
8.1060 
8.6126 
8.6126 
8.6126 
9.1193 
9.1193 
9.1193 
9.6259 
9.6259 
9.6259 
10.1325 
10.1325 
10.1325 
10.6391 
10.6391 
10.6391 
11.1458 
11.1458 
11.1458 
11.6524 
11.6524 
11.6524 
12.1590 
12.1590 
12.1590 
12.6656 
12.6656 
12-6656 
UEIG UTS) 
13.1723 
13.1723 
14.1855 


Peale 


MPa 


4.8606 
4.9739 
5.0881 
4.9509 
50442 
526259 
524473 
525444 
526503 
528286 
62424 
529374 
620491 
6.8106 
624027 
6.5697 
723438 
629071 
720726 
729082 
723814 
725692 
8.3447 
728705 
8.0753 
8.9499 
804143 
8.6394 
9.5117 
8.9092 
9.2028 
10.0607 
9239435 
9.8010 
10.6234 
9.8804 
10.3155 
11.1166 
10.3399 
10.8709 
11-6003 
10.8007 
11.4115 
12.0564 
11.2983 
11.9203 
12.4835 
11.7969 
12.4273 
12.9157 
12.2950 
12.9080 
1323720 
12.8472 
13235749 
14.2734 


Pressure 
Diff. 
ri 


06 
-. 18 
-43 
2-33 

044 
-.94 
2.31 

Fi) 
2258 
2257 

-2.61 
2-39 
250 
-3.30 
2.86 
225 
-3.42 
2.69 
228 
-3.91 
2.95 
40 
-2.86 
2.99 
238 
-3.//7 
22356 
-.51 
-4.13 
2236 
-.91 
-4.32 
2247 
=1.79 
4.62 
2255 
=| 77 
-4.30 
2.89 
-2.13 
-3.92 
3219 
-2.33 
-3.35 
Foul 
=—2325 
-2.60 
3.07 
-2.16 
-1.94 
3.01 
-1.88 
-1.49 
2253 
-1.52 
-.62 


HPHPHPAHPAPAHHPHAPAHAHAAFAFH HP AHFAAAPAHADHDAHAHAPAAPAHAAAPHAAAAAAPAHAAADDAHAAALHA 


Data sources and 


(79) Warownye 


Data Weight 
Point 

NO. 

2141 0.000 
2142 0.000 
2143 0.000 
2144 0.000 
2145 0.000 
2146 0.000 
2147 0.000 
2148 0.000 
2149 0.000 
2150 0.000 
2151 0.000 
2152 0.000 
2195) 0.000 
2154 0.000 
25D 0.000 
2156 0.000 
215i. 0.000 
2158 0.000 
2159 0.000 
2160 0.000 
2161 0.000 
2162 0.000 
2165 0-000 
2164 0.000 
2165 0.000 
2166 0.000 
2167 0.000 
2168 0.000 
2169 0.000 
2170 0.000 
2171 0.000 
Z2 0.000 
2173 0.000 
2174 0.000 
Zieh 0.000 
2176 0.000 
2177 0.000 
2178 0.000 
2179 0.000 
2180 0-000 
2181 0.000 
2182 0-000 
2183 0.000 
2184 0.000 
2185 0.000 
2186 0.000 
2187 0.000 
2188 0.000 
2189 0.000 
2190 0.000 
2191 0.000 
2192 0.000 
2193 0.000 
2194 0.000 
Z195 0.000 
2196 0.000 


1D numbers: 


Temp. 
K 


423-150 
473.150 
5263/0 
423.150 
473.2150 
526.370 
423-150 
473.150 
526.570 
423.150 
473.150 
526-370 
423.150 
473.150 
5262370 
5702450 
423-150 
473-150 
526.370 
5702450 
423.150 
473.150 
526.570 
5702450 
423-150 
475.150 
526-370 
5702450 
423.150 
473.150 
52623170 
570.450 
423.150 
4732150 
5262370 
5702450 
609.310 
423.150 
473.150 
5262370 
570-450 
423.150 
473.150 
526.570 
570.450 
609-310 
423.150 
473-150 
526-370 
5702450 
423.150 
473-150 
526.2370 
570450 
609.310 
423-150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 

mol/L kg/m? 
2029 1.27 
2026 1.13 
2023 1.02 
2087 3285 
2078 3.43 
2070 3.07 
2147 6-50 
0131 5.76 
e117 5.14 
° 304 13.39 
° 266 Veh. 
° 236 10.41 
0469 20.69 
e408 17.99 
2559 15.82 
2328 14.46 
-646 28.47 
2955 24.49 
2485 21.39 
0441 19.47 
2855 36.81 
°/09 31.24 
2614 27.09 
0557 24.57 
1.038 45.78 
-868 38.26 
0/47 32.94 
0675 29.77 
1.258 55246 
1.034 45.60 
2883 38.92 
0/95 35.06 
1.498 66206 
1.207 53024 
1.021 45.04 
917 40.44 
0846 37.31 
1.766 77.89 
1.389 61.27 
1.164 51.31 
1.041 45.88 
2.064 91.02 
1.580 69.66 
1.309 57612 
1.165 51.38 
1.070 47.18 
2.592 105.50 
1.777 78.36 
1.456 64.20 
1.291 56.95 
2.751 121.30 
1.981 87.35 
1.606 70.83 
1.418 62.54 
1.297 57.18 
32150 138.88 


Density Density 
calc Diff. 
kg/m? 5 

1.28 ell 

1.14 -./6 

1.03 =e] 
3.88 -. 76 
3245 -./8 
3.09 -.83 
6.54 -./0 
580 -./4 
5.18 -.87 
13-46 -.55 
11.82 -.059 
10.50 -.81 
20.79 49 
18.07 41 
15.94 =./5 
14.56 -.67 
28.259 -41 
24.55 -.25 
21.51 -.55 
19.57 =e 
36.91 -.28 
SlbeZ7 -. 10 
27220 - 40 
24.66 359 
45.87 -.18 
38.27 -.01 
33.02 27 
29 683 -.20 
55656 -.18 
45255 012 
38.98 -.16 
35.07 -.01 
66.15 -.13 
53015 021 
45.07 -.05 
40.39 214 
Die 3S 47 
7784 207 
61.05 236 
51.30 °02 
45.78 025 
90.88 216 
69.34 047 
57267 208 
51.24 028 
46.89 261 

105.56 -. 06 
78.01 045 
64.19 202 
56-78 229 

122.17 -.7) 
87.08 051 
70.85 -.03 
62.40 025 
56.82 064 

140.82 -1.57 


112 


Pexpt 
MPa 


21013 

21013 

» 1013 

253040 

23040 

° 3040 

e 9066 

25066 

25066 
1.0153 
1.0133 
1.0133 
1.5199 
1.5199 
1.5199 
1.5199 
220265 
2.0265 
220265 
220265 
2.5531 
ZeD55)| 
22535351 
22.5551 
320598 
3.0398 
30598 
320398 
325464 
325464 
325464 
325464 
4.0530 
4.0530 
4.0530 
4.0530 
4.0530 
4.5596 
4.5596 
4.5596 
4.5596 
5.0663 
5.0663 
506635 
50663 
520663 
525129 
525729 
525729 
525129 
6.0795 
6.0795 
6.0795 
6.0795 
6.0795 
6.5861 


Peale 


MPa 


- 1005 

2 1006 

2 1005 

23017 

25016 

23015 

2 5032 

22029 

230235 
1.0079 
1.0074 
1.0053 
1.25130 
1.5140 
1.5092 
1.5099 
220191 
20222 
2.0159 
220164 
225270 
225509 
25236 
225245 
320354 
320395 
30522 
320341 
325415 
325500 
525412 
3.5460 
4.0491 
4.0603 
4.0510 
4.0583 
4.0714 
4.5617 
4.5733 
4.5604 
4.5696 
520716 
5.0856 
5.0698 
520793 
5.0957 
525/07 
525929 
525741 
525879 
6.0544 
62.0942 
6.0779 
6.0925 
6.1165 
625360 


Pressure 
Ditkfates 
s 


o/7 
°/6 
o/7 
0/5 
e/7 
2835 
268 
0/4 
286 
253 
298 
19 
246 
039 
o/ | 
266 
057 
o2) 
233 
230 
o24 
009 
058 
054 
o 14 
01 


Data sources and |D numbers: 


(79)Warowny. 
ID Data We ight Temp. 
Point 
Noe K 
4 2197 0.000 473.2150 
4 2198 0.000 526.370 
4 2199 0.000 5702450 
4 2200 0.000 423.150 
4 2201 0.000 473.150 
4 2202 0.000 526.370 
4 2203 0.000 570.450 
4 2204 0.000 609.310 
4 2205 0.000 423.150 
4 2206 0.000 473.150 
4 2207 0.000 526.370 
4 2208 0.000 5702450 
4 2209 0.000 423.150 
4 2210 0.000 473.150 
4 2211 0.000 526.3570 
4 2212 0.000 570-450 
4 ZAMS) 0.000 609.310 
4 2214 0.000 423.150 
| 4 2215 0.000 473.150 
| 4 2216 0.000 5262370 
4 2217 0.000 570.450 
4 2218 0.000 423.150 
| 4 2219 0.000 473.150 
| 4 2220 0.000 526.370 
4 2221 0.000 570.450 
4 2222 0.000 609.310 
4 2223 0.000 423.150 
4 2224 0.000 473.150 
4 2225 0-000 5262370 
4 2226 0.000 570.450 
4 2227 0.000 423.150 
| 4 2228 0.000 473.150 
4 2229 0-000 526.370 
4 2230 0.000 5702450 
4 2231 0.000 609.310 
4 2232 0.000 423.150 
4 2233 0.000 473-150 
4 2234 0.000 5262370 
4 2235 0.000 570.450 
4 2236 0.000 423.150 
| 4 2237 0.000 473.150 
4 2238 0.000 526-370 
4 2239 0.000 570.450 
4 2240 0.000 609.310 
4 2241 0.000 423.150 
4 2242 0.000 473.150 
| 4 2243 0.000 5262370 
! 4 2244 0.000 570.450 
| 4 2245 0.000 423.150 
| 4 2246 0.000 473.150 
| 4 2247 0.000 5262370 
i 4 2248 0.000 570.450 
| 4 2249 0.000 609.310 
1| 4 2250 0.000 423.150 
4 2251 0.000 473.150 
4 2252 0.000 5262370 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m 
2-193 96.70 
1.760 77.59 
1.547 68.21 
3.596 158.56 
2.414 106.46 
1.916 84.47 
1.676 73290 
1.525 67.26 
4.076 179.76 
2-642 116.50 
2.074 91.46 
1.806 79.266 
4.558 200.98 
2.876 126.83 
2.255 98.57 
1.937 85.40 
1.755 77.258 
5.004 220.65 
32118 137.48 
2.399 105.79 
2.070 91.26 
52589 237.64 
3.3562 148.24 
2-566 113.16 
2.205 97.13 
1.987 87.60 
5. 740 253212 
32607 159.05 
2.733 120.52 
2.334 102.94 
6.056 267.06 
3.854 169.94 
2.901 127.92 
2.468 108.83 
2.218 97.80 
6.340 279.259 
4.100 180.81 
3.068 135.28 
2.601 114.71 
6.589 290.57 
4.347 191.67 
3.234 142.60 
Zell 5D) 120.59 
2.448 107.95 
6.815 300.51 
4.591 202.44 
3.400 149.92 
2.869 126.52 
72017 309.41 
4.834 213.18 
3.563 157.10 
3.001 132.33 
2-676 118.02 
7.184 316.80 
DOV ZZoai/ 
32/28 164.39 


Density Dens ity 
calc Diff. 
kg/m? vi 
96.58 013 
77.66 -.09 
68.09 018 
161.20 -1.64 
106-50 - 04 
84.62 =e 7 
73.84 208 
66.91 033 
182.37 -1.43 
116.81 -.2/ 
91./2 -.2/ 
719.67 -.01 

203-00 -.99 
127.46 -49 
98.94 -3/ 
85.56 -.18 
77214 051 

222.11 -.65 
138.37 -.65 
106.28 -.45 
91.50 -.26 

239242 -./4 
149.44 -.80 

113.71 -.49 
97.49 ~o5/ 
87.50 012 

254.90 -./0 
160.54 -.95 
121.22 Sool 
103.53 -. 56 

268.58 -.56 
171.54 -.93 
128.77 -.66 
109.59 -./0 
97.94 -. 14 

280.60 -.56 

182.32 -.83 

136233 ei fi 

115.67 -83 

291.18 -21 

192.77 -25/ 

143.88 -.89 

121.75 -.95 

108.42 - 44 

300.54 -.01 

202.81 -.18 
151.39 -.97 
127.83 -1.03 

308.89 ol7 

212.42 a) 

158.81 -1.08 

133.89 -1.16 

118.88 -./2 

316.39 S133 

221.58 290 
166.13 -1.05 


113 


Pexpt 
MPa 


6.5861 
6.5861 
6.5861 
720928 
720928 
720928 
720928 
7.20928 
725994 
7.5994 
7.5994 
725994 
8- 1060 
8.1060 
8. 1060 
8. 1060 
8.1060 
8.6126 
8.6126 
8.6126 
8.6126 
9.1193 
9.1193 
Oe t95 
9.1193 
9.1193 
9.6259 
9.6259 
9.6259 
9.6259 
10.1325 
10. 13525 
10.1325 
10.1325 
10.1325 
10.6391 
10.6391 
10.6391 
10.6391 
11.1458 
11.1458 
11.1458 
11.1458 
11.1458 
11.6524 
11.6524 
11.6524 
11.6524 
12.1590 
12.1590 
12. 1590 
12.1590 
12. 1590 
12.6656 
12-6656 
12.6656 


Peal 


Q 


MPa 


625924 
625807 
6.5970 
720289 
720907 
720821 
7.0979 
721281 
725369 
7. 5843 
725816 
725984 
8.0550 
8.0764 
8.0802 
8.0929 
8.1293 
8.5723 
8.5715 
8.5796 
825923 
9.0646 
9.0645 
9.0817 
9.0887 
9.1294 
9.5644 
9.5578 
9.5790 
9.5769 
10.0731 
10.0584 
10.0756 
10.0689 
10.1193 
10.5939 
10.5673 
10.5690 
10.5591 
11.1148 
11.0917 
11.0593 
11.0490 
11.0999 
11.6503 
11.6334 
11.5530 
11.5428 
12.1924 
12.1998 
12.0419 
12.0286 
12.0755 
12.6947 
12.7791 
12.5444 


Pressure 
Diff. 
A 


-.10 
208 
-.16 
091 
203 
215 
-.07 
-.50 
085 
20 
023 
201 
63 
AE yi/ 
252 
° 16 
-.29 
047 
048 
259 
o24 
260 
260 
041 
234 
-e 1] 
264 
o/1 
249 
25 
259 
o/4 
2 D6 
263 
013 
043 
»68 
266 
°/6 
228 
049 
-/8 
088 
041 
202 
° 16 
°86 
095 
6 741/ 
=e 
097 
1.08 
269 
555) 
-.89 
297 


PAHPAHAAAAHANH 


Data sources and |D numbers: 


(79) Warowny. 

Data Weight Temp. 
Point 

NO. K 
2295 0.000 570.450 
2254 0.000 423.150 
2255 0.000 4732150 
2256 0.000 5263/0 
22551 0.000 570.450 
2258 0.000 609.310 
2259 0.000 423.150 
2260 0.000 473.150 
2261 0.000 5262370 
2262 0.000 570.450 
2263 0.000 423.150 
2264 0.000 609.310 


Table 7. 


(Cont inued ) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m? 
32134 138.22 
1356-52500 
5.299 2355.66 
3.890 171.52 
3.266 144.04 
2-903 128.03 
70468 § 329.32 
5.918) 245.59 
4.054 178.75 
3.398 149.84 
70585 334.47 
30127 137.88 


Density Density 
calc Diff. 
kg/m % 

139.90 =1.21 

323.19 210 

230.50 1.46 

VS S2 -1.04 
145.88 -1.26 
129.27 -.96 

329.39 -.02 

238.59 1.99 
180.36 -.89 
151.78 -1.28 

335.08 -.18 

139.53 -1.18 


114 


Pexpt 


MPa 


12.6656 
1321723 
13.1723 
US Z45) 
1321723 
1321723 
1326789 
13.6789 
13.6789 
13.6789 
14.1855 
14.1855 


Peale 


MPa 


12.5233 
13.1965 
1323747 
13.0446 
13.0157 
1320506 
13.6728 
13.9819 
13-5619 
ISON 
14.1286 
14.0217 


Pressure 
Diff. 
is 


1.14 


Data sources 


(79) Warowny. 
Data Weight 
Point 

No. 
2265 0.000 
2266 0.000 
2267 0.000 
2268 0.000 
2269 0.000 
2270 0.000 
227 0.000 
2272 0.000 
2273 0.000 
2274 0.000 
2275 0.000 
2276 0.000 
27a 0.000 
2278 0.000 
2279 0.000 
2280 0.000 
2281 0.000 
2282 0.000 
2283 0.000 
2284 0.000 
2285 0.000 
2286 0.000 
2287 0.000 
2288 0.000 
2289 0.000 
2290 0.000 
2291 0.000 
2292 0.000 
2295 0.000 
2294 0.000 
2295 0.000 
2296 0.000 
2297 0.000 
2298 0.000 
2299 0.000 
2300 0.000 
2301 0.000 
2302 0.000 
2303 0.000 
2304 0.000 
2305 0.000 
2306 0.000 
2307 0.000 
2308 0.000 
2309 0.000 
2310 0.000 
2311 0.000 
2312 0.000 
255 0.000 
2314 0.000 
2315 0.000 


and |D numbers: 


Tempe 
K 


373-150 
373-150 
373.2150 
373-150 
3732150 
373.150 
373.2150 
373.150 
373.2150 
393.190 
393.190 
393.190 
393-190 
393.190 
393-190 
393.190 
393.190 
393.190 
407.500 
407.500 
407.500 
407.500 
407.500 
407.500 
407.500 
407.500 
407.500 
407.4350 
407-430 
407.430 
407.430 
407.430 
407.430 
407.430 
422.970 
422.970 
422.970 
422.970 
422.970 
422.970 
422.970 
422.970 
422.970 
423.020 
423.020 
423.020 
423.020 
423.020 
423.020 
423.020 
423.020 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Densi 
expt 
mol/L 


3-851 
22457 
1.566 
1.000 
2638 
0407 
0259 
e165 
e105 
32405 
2446 
1.756 
1.261 
2906 
2651 
0467 
2555 
0241 
32749 
2.651 
1.903 
1.367 
2982 
e706 
2507 
2364 
e261 
2-812 
1.791 
1.140 
e726 
0462 
2294 
2187 
2-742 
1.969 
1.414 
1.016 
2/29 
2524 
2516 
2/0 
2194 
1.613 
1.158 
2832 
2597 
2429 
2508 
2221 
2159 


ty 
kg/m? 


169.83 
108.34 
69.07 
44.09 
28.13 
17.93 
11.43 
ie 28 
4.65 
150.13 
107.86 
77245 
55-62 
39.96 
28/0 
20.60 
14.79 
10.62 
165.34 
116.89 
83.92 
60.29 
43.32 
SG UZ 
22.55 
16.04 
11.51 
124.01 
78.97 
50-28 
32.02 
20.39 
12.98 
8.26 
120.92 
86.84 
62.36 
44.79 
32217 
23.10 
16.59 
11.91 
8.55 
71214 
51.07 
36267 
26233 
18.90 
13.57 
9.75 
7.00 


Density 
caic 
kg/m 


178.91 
108.45 
68.85 
44.05 
28.16 
17.97 
11.47 
7251 
4.66 
150.66 
107.69 
77224 
55257 
40.00 
28.77 
20267 
14.84 
10.66 
169.19 
116.78 
83.73 
60.24 
43.38 
31221 
22.43 
16.10 
11.56 
123.69 
78254 
50.17 
32-205 
20.44 
13.02 
8.29 
120.64 
86.42 
62.15 
44.76 
32.21 
23.16 
16.65 
11.96 
8.58 
70269 
50.90 
36.65 
26.37 
18.94 
13.61 
9.78 
7202 


IES) 


Density 
Diff. 
3 


-5.07 
-.10 
051 
209 
=e 1 ] 
-23 
-.28 
-.30 
-.350 
-.55 
216 
025 
°08 
-ell 
-.24 
ar) 32 
a) 
-.56 
-2.27 
210 
225 
208 
0 1) 
-.28 
-.56 
-.59 
-.59 
226 
255 
022 
~e 10 
-e2/ 
55 
-.54 
224 
049 
2535 
207 
~e 14 
-e2/ 
-.54 
-.56 
-.56 
264 
034 
°05 
=O 14 
25 
-.51 
-.55 
-.53 


Pexpt 


MPa 


4.4549 
4.0431 
3.2664 
224176 
1.6911 
1.1423 

2/553 

04923 

23188 
5. 3854 
4.6967 
329155 
361362 
224358 
1.8496 
1.3820 
1.0207 

°/477 
6.4103 
523802 
4.4409 
325410 
227448 
220825 
1.5552 
1.1480 
28404 
509377 
4.2594 
3.0811 
2.1303 
1.4294 
2 9409 
26118 
620287 
4.8951 
3.8646 
2.9772 
22502 
1.6766 
1.2364 

29051 

26588 
4.2539 
3.3068 
22.5168 
1.8850 
1.3945 
1.0237 

2/467 

23422 


Peale 


MPa 


4.4352 
4.0417 
322724 
224191 
1.6895 
1.1400 

2/553 

24909 

25179 
5-3/88 
4.7002 
329214 
3.1381 
224337 
1.8458 
1.3780 
1.0174 

2/451 
635445 
5.3830 
4.4473 
325431 
2.7420 
220775 
1.5502 
1.1438 

28373 
55449 
4.2747 
3.0863 
221285 
1.4259 

° 9380 

6098 
620569 
4.9113 
3.8744 
229789 
22474 
1.6725 
1.2325 

29020 

06565 
4.2735 
303157 
225179 
1.8825 
1.3913 
1.0207 

° 7443 

25404 


Pressure 
Oilititye 
b 


055 
-.14 
e355 
-.25 
-.06 

213 

°25 

052 

055 

035 
-.46 
-.2/ 
-.04 

213 

223 

250 

eZ 

052 


Data sources and ID numbers: 


Data 
Point 
No. 


2316 
2317 
2318 
2319 
2320 
2321 

2322 
2323 
2324 
2325 
2326 
2327 
2328 
2329 
2330 
2331 

2952 
2333 
2334 
235 
2336 
Z55)1. 
2338 
2339 
2340 
2341 

2342 
2343 
2344 
2345 
2346 
2347 
2348 
23549 
2350 
2551 

2552 
2355 
2354 
2355 
2356 
250i 
2358 
2359 
2360 
2361 
2362 
2365 
2364 
2365 
2366 
2367 
2368 
2369 
2370 
2371 


Weight 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
9.000 
0-000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0-000 
0-000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
9.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.900 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0-000 
0.000 


Tempe 
K 


322.972 
328.168 
332.2609 
337-762 
342.618 
347.144 
352.2944 
363122 
3722349 
382.692 
393.2048 
405.168 
414.877 
428.006 
446.159 
465.974 
327.2800 
3372927 
345.864 
3552196 
367.3835 
375-2052 
384.818 
394.641 
402.913 
416.717 
432.648 
453599 
472.842 
330.263 
341.713 
352.841 
3632696 
377.648 
397.297 
412.796 
431.026 
448.440 
4632694 
480.702 
496.299 
330-963 
331.814 
336.848 
341.988 
347.2723 
Sad Zi 
568.842 
383.2023 
402.762 
422.785 
443.127 
342.839 
350.822 
361.070 
369. 188 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 
(79) Warowny. 


Density 
expt 
mol/L kg/m? 
10.456 461.10 
10.452 460.92 
10.449 460.78 
106445 460.62 
10.442 460.47 
106439 460.353 
10.435 460.15 
10.428 459.84 
10.422 459.56 
10.415 459.25 
10.408 458.94 
10.401 458.64 
10.393 458.350 
10.384 457.91 
10.372 457.38 
10.359 456.79 
10.298 454.11 
10.291 453.79 
10.285 453.54 
10.279 453.26 
10.270 452.90 
10.265 452.67 
10.259 452.39 
10.252 452.10 
10.247 451.86 
10.238 451.46 
10.227 451.00 
10.214 450.40 
10.201 449.84 
9.9735 eho TT 
9.965 439.41 
9.957 439.09 
9-950 438.77 
9.941 438.38 
9.929 437.83 
9.919 437.40 
9-907 436.89 
9.897 436.41 
9.887 435.99 
9.876 435.52 
9.867 435.09 
9.940 438.353 
9.939 438.30 
9.956 438.14 
9.932 437.99 
9.928 437.82 
9.924 437.60 
OC OND 45162 
9.906 436.81 
9.895 436.27 
9.881 435.71 
9.868  4355.15:. 
9.231 407.08 
9.226 406.86 
96220 406.59 
9.215 406.37 


Density 
calc 
kg/m 


460.52 
460.35 
460.21 
400.06 
459.94 
459.82 
459.66 
459.40 
459.15 
458.86 
458.55 
458.24 
457.87 
457.1713 
456.82 
456.36 
453.27 
452.95 
452.74 
452.50 
452.20 
452.00 
451.74 
451.47 
451.23 
450.82 
450.32 
449.63 
448.96 
438.99 
438.55 
438.25 
438.01 

437.69 
437.21 

436.81 

436.50 
435.79 
435.32 
434.77 
434.25 
437.52 
437.49 
437.29 
437212 
436.95 
436.77 
436.46 
436.14 
435.66 
435.14 
434.56 
406.41 
405.98 
405.67 
405.51 


116 


Density 
Diff. 
3 


012 
US) 
012 
012 
ell 
el] 
ol] 
209 
209 
009 
209 
209 
009 
204 
212 
210 
219 
218 
218 
ol7 
e15 
015 
014 
214 
214 
oi 
015 
el7 
220 
218 
220 
019 
18 
216 
o 14 
013 
° 14 
o 14 
° 16 
ol7 
019 
218 
2 18 
019 
20 
220 
219 
el7 
Sy) 
o 14 
013 
014 
2 16 
022 
023 
o21 


Pexpt 
MPa 


4.0710 
6.1869 
7.9977 
10.0989 
12.0814 
1329231 
16.2821 
2024150 
24.1420 
28-2987 
32.4341 
3624506 
41.0620 
46.5353 
531897 
60.8626 
4.4479 
8.3701 
11.4481 
15.0664 
19.7797 
2227350 
26.4856 
35022325 
33-3753 
38 65825 
44.5345 
522548 
59.2384 
207/07 
62/553 
10.6530 
14.4640 
19.3554 
2662115 
3125790 
37-8361 
43.7474 
48.8692 
5425166 
59.6332 
26/872 
320816 
4.8135 
625880 
8.5731 
11.1422 
15.9117 
20.8327 
27.6429 
34.4894 
41.3682 
227845 
4.9609 
7.7955 
10.0616 


Peale 


MPa 


4.2016 
6.3270 

8.1435 
10.2485 
1222303 
14.0747 
1624344 
20.5634 
24.2915 
28 64552 
32.5981 
36-6286 
41.2645 
46.4240 
5324955 
61.1220 
4.6246 

8.5693 
11.6574 
15.2826 
2020013 
22.9607 
262/158 
30-4770 
33-6506 
38.8657 
44.8589 
52.6584 
59-1383 
228935 
629167 
10.8328 
14.6504 
19.5471 
2624104 
31.7896 
3820707 
44.0194 
49. 1862 
54.8963 
60.0842 
229129 
32087 
4.9583 
67472 
8.7450 
11.3224 
16.0991 
21.0224 
2728412 
34.7048 
41.6160 
2.8447 
520550 
729133 
10.1875 


Pressure 
Dist fre 
% 


-3. ] ] 
-2.22 
-1.79 
-1 46 
-| SIZ. 
-1.08 
-.93 
-./2 
-.62 
-.54 
-.50 
-49 
-.49 
18) 19 
-.5/ 
-.42 
-3.82 
-2.352 
-1.80 
-| 042 
-1 ° 1 1 
-.98 
-.8/7 
-.80 
-./6 
-./3 
-./2 
-.// 
- 84 
-4.25 
2.35 
-1 266 
=Ne27 
-.98 
-./5 
-.66 
-.62 
-.62 
-.64 
-.69 
-./5 
-4.31 
-3.96 
-2.92 
-2.36 


Data sources and |D numbers: 


(79) Warowny o 
Data Weight 
Point 

NO » 
2372 0.000 
EST5) 0.000 
2374 0.000 
PD) 0.000 
2376 0.000 
2377 0.000 
2378 0.000 
ZEUS) 0.000 
2380 0.000 
2381 0.000 
2382 0.000 
2383 0.000 
2384 0.000 
2385 0.000 
2386 0.000 
2387 0.000 
2388 0.000 
2389 0.000 
2390 0.000 
2391 0.000 
2392 0.000 
2393 0.000 
2394 0.000 
2395 0.000 
2396 0.000 
2397 0.000 
2398 0.000 
2399 0.000 
2400 0.000 
2401 0.000 
2402 0.000 
2403 0.000 
2404 0.000 
2405 0.000 
2406 0.000 
2407 0.000 
2408 0.000 
2409 0.000 
2410 0.000 
2411 0.000 
2412 0.000 
2413 0.000 
2414 0.000 
2415 0.000 
2416 0.000 
2417 0.000 
2418 0.000 
2419 0.000 
2420 0.000 
2421 0.000 
2422 0.000 
2423 0.000 
2424 0.000 
2425 0.000 
2426 0.000 
2427 0.000 


Tempe 
K 


3762679 
386.501 
407.554 
432.160 
457.260 
481.931 
511.431 
548.961 
354.671 
363.831 
376625 
392.838 
409.200 
432.549 
451.661 
472.311 
497.096 
521-148 
546.198 
570.278 
364.812 
376.448 
392.791 
412.648 
432.534 
452.553 
473.034 
492.234 
512.405 
530-760 
550.128 
569.593 
369.350 
378.140 
393.2489 
413.546 
432.129 
452.677 
473.053 
491.232 
510.749 
530.884 
550.2353 
570.645 
3730371 
384.040 
393. 158 
412.539 
432.549 
451.584 
472.918 
492.382 
511-062 
530.956 
550.999 
5732416 


Table 7. 


(Continued ) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Densi 
expt 
mol/L 


DaZilal 
9.205 
9.1935 
9.179 
9.165 
9.151 
(92134 
9.113 
8.562 
8.557 
8.550 
8.542 
8.533 
8.521 
8.511 
8.500 
8.487 
8.475 
8.462 
8.450 
72541 
72535 
72528 
72519 
72510 
72501 
72492 
7.485 
70474 
72466 
70458 
72449 
6.587 
6. 584 
6.578 
6.570 
625635 
62955 
6.547 
6.540 
6.533 
62525 
6.518 
6-510 
6.002 
5.997 
5.992 
52984 
52976 
52969 
5.961 
52953 
5-948 
52941 
5.934 
52926 


ay 
kg/m 


406.18 
405.93 
405.40 
404.78 
404.15 
403.53 
402.80 
401.86 
377-56 
377234 
377.03 
376266 
376.28 
375.74 
375-31 
374.84 
374.27 
SW EOUS) 
373215 
372.61 
332252 
332.28 
331295 
331.56 
331.16 
330.77 
330.37 
329.99 
329.60 
329-24 
328.86 
328.48 
290.47 
290.32 
290.05 
289.71 
289.40 
289.05 
288.71 
288.40 
288.07 
287.74 
287241 
287.207 
264.69 
264.45 
264.25 
263.88 
263.253 
263222 
262.88 
262.49 
262.30 
261.97 
261.66 
261.31 


Density 
calc 
kg/m? 


405.37 
405.20 
404.84 
404.35 
403.79 
403.19 
402.42 
401.37 
376262 
376205 
375.73 
375253 
375235 
375-07 
374.77 
37441 
373293 
37342 
372.86 
372-30 
331.63 
330-15 
329.97 
330209 
330.15 
330.11 
329.98 
329.80 
329.57 
32934 
329.06 
328.77 
287.83 
284.88 
2852/0 
286.74 
287.52 
287.68 
287.84 
287.89 
287.86 
287.78 
287.66 
287.49 
255253 
257217 
258-51 
260.23 
261.18 
261.69 
261.99 
262.14 
262.18 
262. 18 
262.11 
262200 


tay 


Density 
Dilifstve 
oe 
Pp 


220 
218 
14 
ell 
09 
209 
09 
012 
025 
254 
522) 
e350 
025 
218 
o 14 
ell 
209 
208 
208 
208 
e2/ 
265 
-60 
045 
o5] 
e20 
012 
°06 
201 
-.03 
-.06 
-.09 
91 
1.91 
1.52 
1.04 
0/2 
048 
e350 
° 18 
207 
-.02 
-.09 
=eillD 
3.59 
2.85 
2.22 
1.40 
090 
259 
254 
013 
005 
-.08 
=leilhif 
-.26 


Pexpt 
MPa 


12. 1606 
14.9208 
20-8432 
27/574 
34.7087 
41.4846 
49.4692 
5924184 
3.6401 
526556 
85296 
12.2320 
15.9979 
21.3877 
25. /887 
3025185 
3621519 
4125604 
47.1297 
5224134 
4.0634 
5.9058 
8.6004 
11.9520 
15235480 
18.7801 
22-2902 
2525709 
29-0010 
32-1055 
SDD D9Z 
38.6055 
4.2600 
5.2858 

721701 

9.7096 
12.0990 
14.7586 
1723975 
19.7553 
22.2751 
24.8059 
2723423 
29.9378 
4.5957 

5.6751 
6.6267 
8.6919 
10.8549 
12.9243 
15.2462 
1723626 
19.3868 
2109599 
2326887 
26.0839 


Pe 


alc 
MPa 


12.2905 
1520510 
20.9655 
27-8505 
34.8212 
41.6072 
49.6225 
59.6505 
3.6908 
51435 
8.6489 
12.3646 
16.1315 
21.5103 
25-9010 
30.6226 
3622486 
41.6583 
47.2305 
5225324 
4.0800 
529747 
8.7020 
12.0619 
15.4477 
18.8608 
22.5467 
2526024 
29.0057 
32.0843 
3523119 
38.5319 
4.2717 
523462 
702134 
928312 
12.2175 
14.8615 
1724781 
19.8108 
22.3024 
24.8595 
2725020 
29.8617 
4.6220 
5/453 
6.7173 
8.7996 
10.9587 
13.0137 
15.3121 
17-5940 
19.3994 
21-5119 
23.6292 
25.9808 


Pressure 
Diff. 
h 


-1.06 
~.8/ 
- 58 
-41 
—.52 
= 329 
-.51 
-.59 

-1.37 

-1.57 

-1.38 

-1.07 
- 83 
~e 57 
- 435 
-.54 
-e27 
-.23 
-21 
-.23 
41 

-1.15 

= ileal 
-.91 
-.65 
-.43 
-.25 
-e 12 
-.02 

007 

o 13 
219 
O41 
=115 

-1.42 

-1.24 
-.97 
-.69 
-46 
-.28 
-.12 

203 
215 
025 
=O 57 

-1.22 

-1.35 

-1.22 
-.95 
-.69 
43 
-.18 
-.07 

ell 
025 
240 


Data sources and |D numbers: 


Data 
Point 
NO. 


2428 
2429 
2430 
2431 
2432 
2433 
2434 
2435 
2436 
2437 
2438 
2439 
2440 
2441 
2442 
2443 
2444 
2445 
2446 
2447 
2448 
2449 
2450 
2451 
2452 
2453 
2454 
2455 
2456 
2457 
2458 
2459 
2460 
2461 
2462 
2463 


Weight 


0.000 
U.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
6.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.900 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Tempe 
K 


378.257 
387.620 
397.884 
412.591 
432.441 
451.915 
472.446 
492.229 
BI le521 
530.931 
550.497 
572.459 
372.414 
383. 158 
393.257 
412.606 
432.037 
452.165 
472.712 
492.367 
511.981 
531.510 
551.623 
569383 
383.172 
393.351 
403.287 
413.008 
432.821 
452.480 
472.835 
492.354 
512.363 
5324459 
Bole Sit 
570.948 


Table 7. 


(Continued ) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXxXxX)Haynes, (51,52)Thomas, (78)Teichmann, 
(79)Warowny. 


Densi 
expt 
mol/L 


52014 
52010 
52006 
5-900 
4.994 
4.987 
4.981 
4.975 
4.970 
4.964 
4.958 
4.952 
Fela 
3.729 
Se IZ] 
3.721 
30716 
Dent 
32706 
32702 
32697 
326935 
3.689 
3.685 
22474 
20472 
20471 
22469 
2465 
20462 
22458 
22455 
22452 
20449 
2.446 
20443 


ty 
kg/m> 


221.09 
220.92 
220.73 
220.506 
220220 
219.93 
219.66 
219.40 
ZOD 
218.90 
218.64 
218.36 
164.60 
164.46 
164.35 
164.08 
163.86 
1635.64 
163.43 
163.23 
163.04 
162.85 
162.66 
162.49 
109.11 
109.03 
108.95 
108.87 
108.71 
108.55 
108.39 
108.25 
108.11 
107.98 
107-85 
107.72 


Density 
calc 
kg/m? 


214226 
215293 
216297 
217290 
218.635 
219.04 
219.29 
219.43 
219.48 
219249 
219.46 
219.38 
164.21 
163.52 
163-39 
163.37 
163.43 
163.48 
163.50 
163.50 
163.48 
165244 
163.38 
163233 
108.37 
108.10 
107285 
107.75 
107.67 
107.62 
107.59 
107.57 
107.54 
107.50 
107.46 
107.42 


118 


Density 
Diff. 
& 


3.19 
2051 
1.74 
1.19 
0/2 
4} 
Satz 
-.01 
=eil'D 
=.2/ 
=e5i7 
-.47 
024 
°o7 
258 
044 
026 
210 
-.04 
-.17 
-.2/7 
-.256 
-245 
-.52 
269 
286 
1.02 
1.05 
296 
286 
0/4 
264 
034 
044 
056 
2 28 


Pexpt 
MPa 


4.9067 
526512 
6.4733 
7.6571 
9.2588 
10.8290 
12.4804 
14.0664 
15.6053 
17. 1466 
18.6917 
20.4148 
4.3777 
4.9839 
5253595 
6.5841 
726162 
8.6722 
9.7389 
10.7498 
1127501 
12.7383 
13-7487 
14.6348 
4.3809 
4.7103 
520237 
DO Vathll 
529579 
625519 
721382 
727119 
8.2936 
8.8719 
9.4157 
9.9653 


Peale 


MPa 


4.9317 
526926 
6.5245 
72/131 
9.3099 
10.8680 
12.5009 
14.0642 
15.5790 
17-0930 
18.6090 
20.2977 
4.3787 
4.9904 
525501 
6.5979 
726282 
8.6783 
927355 
10.7350 
11.7223 
12.6961 
13.6902 
14.5606 
4.3932 
4.7294 
520504 
523590 
529145 
665712 
721778 
727506 
8.3502 
8.9056 
9.4454 
9.9908 


Pressure 
Dil fitie 
at 


-.51 
=D 
-./9 
ell) 
-.55 
-. 56 
~e 16 
202 
Sil 7 
°51 
044 
258 
-.02 
36 1153 
6 II) 
-.21 
~e 16 
-.07 
203 
214 
024 
055 
043 
251 
-.28 
-.40 
253 
-.58 
-.61 
-. 60 
=.55 
-.50 
44 
-. 38 
-5l 
-.26 


Data sources and 


(79) Warowny. 
Data Weight 
Point 

No» 
2464 1.000 
2465 1.000 
2466 1.000 
2467 1.000 
2468 1.000 
2469 1.000 
2470 0.000 
2471 0.000 
2472 0.000 
2473 0.000 
2474 0.000 
2475 0.000 
2476 1.000 
2477 1.000 
2478 1.000 
2479 1.000 
2480 1.000 
2481 1.000 
2482 0.000 
2483 0.000 
2484 0.000 
2485 0.000 
2486 0.000 
2487 9.000 
2488 1.000 
2489 1.000 
2490 1.000 
2491 1.000 
2492 1.000 
2493 1.000 
2494 1.000 
2495 1.000 
2496 1.000 
2497 1.000 
2498 1.000 
2499 1.000 
2500 1.000 
2501 1.000 
2502 1.000 
2503 1.000 
2504 1.000 
2505 1.000 
2506 1.000 
2507 1.000 
2508 1.000 
2509 1.000 
2510 1.000 
2511 1.000 
29) 72 1.000 
Zo) 1.000 
2514 1.000 
Z25)\\3) 1.000 
2516 1.000 
ZO 1.000 
2518 1.000 
2519 1.000 


1D numbers: 


Temp. 
K 


369-850 
373.150 
398.150 
423.150 
448.150 
473.150 
369.850 
373.6150 
398.150 
423.2150 
448.150 
473.150 
498.150 
523.150 
548.150 
573. 150 
598150 
623. 150 
498.150 
523.150 
548.150 
573150 
598.150 
623.150 
369-850 
373.150 
398.150 
423.150 
448.150 
473-150 
498.150 
523.150 
548.150 
573-150 
598.150 
623.150 
369.850 
373.2150 
398.150 
423.150 
448.150 
473.150 
498.150 
523.150 
548. 150 
573-150 
598.150 
623.150 
369.850 
373-150 
398.150 
423.150 
448.150 
473.150 
498.150 
523.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 

mol/L kg/m? 
°800 35.28 
800 35.28 
- 800 35228 
800 35228 
~800 35.228 
-800 35628 
-800 35228 
800 55.28 
- 800 35.28 
e800 35.28 
-800 35.28 
800 35.28 
-800 35628 
»800 35.28 
-800 35228 
2800 35.28 
°800 3528 
-800 35.28 
°800 35.28 
0800 35228 
-800 35.28 
800 35-28 
-800 35228 
800 35.28 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.000 44.10 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
1.500 66.15 
2-000 88.19 
2-000 88.19 
2-000 88.19 
22000 88.19 
2.000 88.19 
2.000 88.19 
2-000 88.19 
2.000 88.19 


Density 
calc 
kg/m? 


35227 
35027 
3526 
35226 
35.27 
35228 
Be /all 
35627 
3526 
35226 
BOCA, 
35228 
35229 
35229 
35230 
3530 
35031 
35.32 
35-29 
35029 
35230 
35031 
35.31 
35655 
44.02 
44.01 
43.99 
44.00 
44.00 
44.02 
44.035 
44.05 
44.07 
44.07 
44.09 
44.10 
65.84 
65.61 
65.73 
65.74 
65.77 
65.82 
65.86 
65.90 
65.95 
65.98 
66.02 
66.07 
87.72 
87.66 
87.50 
87.54 
87.60 
87.68 
87.78 
87.87 


ies) 


Density 
Diff. 


oe 
p 


203 
035 
205 
204 
203 
-.00 
003 
003 
205 
004 
002 
—O 01 
-.02 
-.04 
-.06 
-.08 
~e 10 
-.12 
-.02 
-.04 
-.06 
-.08 
-.10 
= eilllD 
018 
019 
023 
023 
o21 
o18 
015 
oll 
207 
005 
202 
-.00 
e47 
el 
062 
262 
D7 
290 
043 
e357 
229 
24 
219 
012 
054 
260 
2/9 
°/4 
268 
258 
047 
e357 


Pexpt 
MPa 


220079 
2204350 
22369 
264355 
226514 
268257 
220079 
20350 
22569 
224354 
266315 
228258 
320182 
3.2096 
323998 
325894 
327785 
3.9667 
320183 
32096 
34001 

35894 
327784 
329679 
2.5808 
224161 

226/93 
229371 

3.1908 
324419 
326903 
A952 
4.1829 
4.4265 
4.6695 
4.9116 
321210 
321795 
326132 
4.0544 
4.4470 
4.8537 
522557 
526538 
6.0496 
624416 
6.8318 
702222 
326258 
327111 

4.3375 
4.9421 

5253518 
6.1120 
6.6860 
722538 


Peale 


MPa 


220084 
220355 
262379 
224363 
26320 
228256 
20084 
20355 
222379 
2.4365 
26320 
2.8256 
320176 
3.2083 
33980 
325868 
3.7748 
3.9621 

320176 
3.2083 
323980 
325868 
327/48 
3.9621 

225840 
224195 
22-6843 
229427 
3.1966 
324472 
326953 
329413 
4.1857 
4.4287 
4.67/06 
4.9114 
3.1296 
3.1892 
326287 
4.0529 
4.46/70 
4.8738 
522751 

526721 

6.0656 
6.4561 

6.8442 
72302 
5.6344 
327215 
4.3574 
4.9667 
525591 

6.1399 
6.7118 
722768 


Pressure 
Diff. 
h 


-.03 
-035 
-.04 
-. 03 
-.02 
°00 
-.03 
-.03 
-.04 
-.04 
-.02 
001 
202 
204 
005 
007 
009 
012 
002 
004 
206 
207 
° 10 
015 


=e 
-.19 
-.18 
-. 16 
ma 13 
-.10 
-.07 
-.05 
O 02 

200 
OO 28 
-.50 
-43 
- 46 
-.45 
-41 
-.35/ 
52 
-.26 
-.22 
ae 18 
-o1l 
~e 24 
-.28 
-.46 
-.49 
-.49 
-.45 
-. 38 
-.32 


Data sources and ID numbers: 


(79) Warowny. 

Data Weight Tempe 
Point 

NO. K 
2520 1.000 548.150 
2521 1.000 5732150 
2522 1.000 598.150 
2523 1.000 623.150 
2524 1.000 369-850 
2525 1.000 373.150 
2526 1.000 398.150 
2527 1.000 423.2150 
2528 1.000 448.150 
2529 1.000 473.150 
2530 1.000 498.150 
2531 1.000 523. 150 
2952 1.000 548.150 
2555 1.000 575-150 
2534 1.000 598.150 
2555 1.000 623.150 
2536 1.000 369.850 
255i 1.000 373.150 
2538 1.000 398.150 
2559 1.000 423.150 
2540 1.000 448.150 
2541 1.000 473.150 
2542 1.000 498.150 
2543 1.000 523.150 
2544 1.000 548.150 
2545 1.000 573.150 
2546 1.000 598.150 
2547 1.000 623.150 
2548 1.000 369-850 
2549 1.000 373.150 
2550 1.000 398.150 
2551 1.000 423.150 
2992 1.000 448.150 
2555 1.000 473.150 
2554 1.000 498.150 
2555 1.000 523.2150 
2556 1.000 548.150 
2557 1.000 573.150 
2558 1.000 598.150 
2559 1.000 623.150 
2560 1.000 369.850 
2561 1.000 373.150 
2562 1.000 398. 150 
2563 1.000 423.150 
2564 1.000 448.150 
2565 1.000 473.150 
2566 1.000 498.150 
2567 1.000 523.150 
2568 1.000 548.150 
2569 1.000 573.150 
2570 1.000 598.150 
2571 1.000 623-150 
2572 1.000 369.850 
2575) 1.000 373-150 
2574 1.000 398. 150 
25:15 1.000 423.150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tom!inson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Density 
expt 
mol/L kg/m? 
2.000 88.19 
2-000 88.19 
2.000 88.19 
2-000 88.19 
2.500 110.24 
22500 110.24 
2.500 110.24 
2.500 110.24 
2-500 10.24 


1 
2.500 if 
22500 110.24 
2.500 im 
22500 110.24 


2-500 110.24 
2500 110.24 
2500 110.24 
3.000 132229 
3000 132.29 
3.000 132.29 
3-000 132.29 
32000 132.29 
3-000 132.29 
3.000 132.29 
3.000 132.29 
3-000 132.29 
3.000 132.29 
3.000 132.29 
3.000 132.29 
3-500 154.34 
3.500 154.34 
3.500 154.34 
3-500 154.34 
32500 154.34 
3-500 154.34 
3-500 154.34 
3500 154.34 
32500 154.34 
3-500 154.34 
3-500 154.34 
3-500 154.34 
4.000 176.39 
4.000 176.39 
4.000 176.39 
4.000 176.39 
4.000 176.39 
4.000 176.39 
4.000 176.39 
4.000 176259 
4.000 176.39 
4.000 176.39 
4.000 176.39 
4.000 VO659) =r 
4.500 198.44 
4.500 198.44 
4.500 198.44 
4.500 198.44 


Density Density 
calc Diff. 
kg/m 4 
87.94 °28 
88.02 019 
88.08 Bile) 
88.15 205 

109.87 034 

109.75 o47 
109.44 ae) 
109.52 266 

109.65 2 4 
109.79 41 

109.93 -28 
110.05 el7 
110.17 206 

110.27 -.03 

110.36 -o1l 
110.46 -.19 
132.30 -.01 
132.03 °20 
131.60 ° D5 
131.73 242 
131.92 228 
132.10 015 
132.29 -.00 
132.45 ~e12 
132.60 -23 
132.72 =e52 
132-80 - 58 
132.94 -.49 
154.88 -.55 
154.34 200 
153.78 57 
153.99 023 
154.25 206 
154.49 -.10 

154.69 =e25 

154.89 ~055 

155.07 -o47 

155-20 -.55 

155.33 -.635 

155.47 61/5) 
177.04 =. 5) 

175.89 228 

175.57 047 

176.00 22 

176239 -.00 

176.78 -22 

176.99 -. 34 
177.23 248 

177.243 -.59 

177259 -.68 

177-74 -./6 

177.89 - 84 

195.20 1.66 
195.26 1.63 

196.62 093 

197.57 044 


120 


Pexpt 
MPa 


728167 
8.3764 
8.9310 
924853 
329444 
4.0591 
4.8954 
526994 
64842 
72.2567 
8.0199 
8.7750 
9.5247 
10.2688 
11-0080 
11-7452 
4.1240 
4.2701 
523284 
6.3461 
725417 
8.3227 
9.2945 
10.2570 
11.2133 
12.1623 
1321034 
14.0474 
4.2097 
4.3878 
526739 
6.9174 
8.1404 
9.3497 
10.5481 
11.7390 
12.9239 
14.1002 
15.2713 
16.4411 
4.2404 
4.4488 
529642 
724470 
8.9157 
10.3773 
11.8249 
13.2688 
14.7061 
16.1355 
17.5605 
18.9818 
4.2467 
4.4815 
6.2288 
729697 


Peale 


MPa 


728563 
8.3911 
8.9421 
9.4896 
3.9484 
4.0653 
4.9130 
52/220 
6.5083 
722/89 
8.0378 
8.7877 
9.5301 
10.2663 
10.9972 
11.7235 
4.1240 
4.2720 
53404 
6.5611 
723554 
8.3517 
9.2945 
10.2466 
11.1901 
12.1262 
13.0558 
13.9798 
4.2084 
4.3878 
526819 
6.9260 
8.1434 
923427 
10.5282 
11.7026 
12.8676 
14.0245 
15.1742 
16.3175 
4.2400 
4.4499 
5.9746 
724564 
8.9156 
10.3588 
11.7893 
13.2093 
14.6201 
16.0225 
1724173 
18.8050 
4.2470 
4.4859 
6.2518 
729914 


Pressure 
Ditttafte 
t 


Oo) 
-.18 
onli 
~e 05 
-.10 
=o 112 
- 056 
S55) 
-.5/ 
-.51 
OL 
“oe 14 
-.06 
202 
210 
218 
200 
-.04 
-22 
-.24 
~e 19 
—e 1 1 
200 
210 
21 
230 
256 
248 
203 
-.00 
-.14 
m5, 72 
-.04 
207 
219 
1) 
044 
2 D4 
264 
2/6 
01 
-.02 
-. 17 
—e 13 
200 
218 
230 
045 
259 
/1 
282 
094 
ue) 01 
-.10 
-.5/ 
-.27 


Data sources and 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann 


(79) Warowny. 
Data Weight 
Point 

No. 
2576 1.000 
ZT 1.000 
2578 1.000 
2579 1.000 
2580 1.000 
2581 1.000 
2582 1.000 
2585 1.000 
2584 0.000 
2585 0.000 
2586 0.000 
2587 1.000 
2588 1.000 
2589 1.000 
2590 1.000 
2591 1.000 
25S 1.000 
2593 1.000 
2594 1.000 
2595 1.000 
2596 0.000 
2597 0.000 
2598 0.000 
2599 1.000 
2600 1.000 
2601 1.000 
2602 1.000 
2603 1.000 
2604 1.000 
2605 1.000 
2606 1.000 
2607 1.000 
2608 0.000 
2609 0.000 
2610 0.000 
2611 1.000 
2612 1.000 
2613 1.000 
2614 1.000 
2615 1.000 
2616 1.000 
2617 1.000 
2618 1.000 
2619 1.000 
2620 1.000 
2621 1.000 
2622 1.000 
2625 1.000 
2624 1.000 
2625 1.000 
2626 1.000 
2627 1.000 
2628 1.000 
2629 1.000 
2630 1.000 
2631 1.000 


1D numbers: 


Tempe 
K 


448.150 
473.150 
498 . 150 
525.150 
548.150 
573-150 
598.150 
623. 150 
369.850 
373.150 
398. 150 
423.150 
448.150 
475.150 
498.150 
523.150 
548.150 
573150 
598.150 
623.150 
369.850 
373-150 
398.150 
423.150 
448.150 
473.150 
498. 150 
523.150 
548.150 
573-150 
598.150 
623. 150 
369-850 
373-150 
398.150 
423.150 
448.150 
473.150 
498.150 
523.150 
548.150 
573-150 
598.150 
623.150 
369.850 
373.150 
398.150 
423.150 
448.150 
473.150 
498.150 
523.150 
548.150 
573.150 
598.150 
623. 150 


(1)Virial Equation, (2)Dawson, (3)Beattie, 


Table 7. 


Density 
expt 
mol/L kg/m 
4.500 198.44 
4.500 198.44 
4.500 198.44 
4.500 198.44 
4.500 198 644 
4.500 198.44 
4.500 198.44 
4.500 198.44 
5.000 220.49 
5.000 220.49 
5.000 220249 
5-000 220.49 
5.000 220.49 
5.000 220.49 
5.000 220.49 
5.000 220.49 
5.000 220.49 
5.000 220.49 
5-000 220.49 
5-000 220.49 
5-500 242.53 
5-500 242.53 
5-500 242.53 
5.500 242.53 
5-500 242.53 
5.500 24269 
5-500 242.53 
5-500 242.53 
5-500 242.53 
5.500 242.53 
5-500 242.535 
5.500 242.53 
6-000 264 58 
6.000 264.58 
6.000 264.58 
6.000 264.58 
6.000 264.58 
6.000 264.58 
62000 264.58 
6.000 264.58 
6.000 264.58 
6.000 264.58 
6.000 264.58 
6.000 264.58 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.63 
6.500 286.635 


(Cont inued ) 


Density 
calc 
kg/m? 


198.17 
198.67 
199.03 
199.31 
199.58 
199.77 
199.95 
200.11 

0.00 
212.08 
216.99 
218.71 
219.69 
220.34 
220.82 
221.20 
221.51 
221.76 
221.96 
222.17 
235.274 
230.75 
237.86 
240.07 
241.26 
242.05 
242.61 
243.04 
243.40 
243.67 
243.289 
244.11 
261.67 
255.97 
259 96 
262.06 
263.26 
264.04 
264.58 
265-202 
2650357 
265-64 
265.88 
266.08 
284.42 
282.13 
283.207 
284.60 
285.262 
286.28 
2862/2 
287.12 
287.39 
287.71 
287.89 
288.06 


121 


Density 
Diff. 


oa 
p 


014 
oO) WZ 
- 50 
-.44 
lei 
-.6/7 
-./6 
-.84 
0.00 
396 
1.61 

81 

236 

207 
=e) 1D 
-.32 
- 46 
-.58 
-.66 
-./6 
2.88 
5.11 
1.97 
1.03 

a) 

°20 
-.03 
-.21 
-.35 
-47 
-.56 
-265 
1e1l 
3.36 
1.78 

2°96 

290 

eZ 

200 
~e 17 
-.50 
-.40 
-.49 
=e 56 

2/8 
1.60 
1.26 

oT 

05D 

012 
-. 03 
=O 17 
-.26 
- 58 
-.44 
-.50 


Pexpt 


MPa 


9.7057 
11.4409 
13. 1699 
14.8935 
16.6146 
18.3266 
20.0545 
21-7373 

4.2471 

4.5040 

6.4948 

8.5190 
10.5551 
12.5957 
14.6367 
16.6766 
18.7128 
20.7449 
22/685 
24.7930 

4.2476 

4.5295 

62/960 

9.1393 
ft Tred 
13-8985 
16.2915 
18.6861 
21.0802 
2324690 
2528510 
28.2330 
4.2564 
4.5749 

721710 

9.8831 
12.6421 
15.4241 
18.2157 
21.0148 
2328137 
26.6083 
29 63984 
32.1819 

4.3046 

4.6751 

726783 
10.8252 
14.0320 
17.2683 
20.5151 
2327767 
2720311 
30.2999 
33525433 
36.7846 


(4)Deschner , 


Peale 


MPa 


9.7160 
11.4290 
13.1321 
14.8260 
16.5114 
18.1886 
19.8581 
21.5199 
4.2475 
4.5152 
6.5427 
8.5677 
10.5885 
12.6038 
14.6128 
16.6148 
18.6095 
20.5964 
22.5754 
24.5465 
4.2481 
4.5479 
6.8693 
9.2164 
le DHZI 
13.9296 
16.2850 
18.6361 
20.9811 
23.3188 
2526486 
27-9699 
4.2593 
4.5986 
722607 
9.9777 
12.7167 
15.4650 
18.2159 
20.9648 
23.7088 
2624460 
29.1748 
31.8945 
4.3135 
4.7038 
727122 
10.9201 
14. 1022 
17-3007 
20.5054 
2327102 
26.9107 
30.1040 
33.2881 
36.4616 


(5 JReamer 


Pressure 
Diff. 
o 


p 


-.11 
10 
» 29 
«46 
63 
-/6 
289 

1.01 

-.01 

=ei2D 

el 

-25/7 

-.32 

-. 06 
- 16 
ol] 
256 
3/2 
085 

1-00 

-.01 

-.40 

-1.07 

-.84 

- 52 

=e De 
204 
ZT, 
047 
~64 
o/9 
°94 

-.07 

ne 52 

-1.23 


Data sources and 


(79) Warowny. 
Data Weight 
Point 

Noe 
2632 1.000 
2633 1.000 
2634 1.000 
2635 1.000 
2636 1.000 
2637 1.000 
2638 1.000 
2639 1.000 
2640 1.000 
264 | 1.000 
2642 1.000 
2643 1.000 
2644 1.000 
2645 1.000 
2646 1.000 
2647 1.000 
2648 1.000 
2649 1.000 
2650 1.000 
2651 1.000 
2652 1.000 
2653 1.000 
2654 1.000 
2655 1.000 
2656 1.000 
2657 1.000 
2658 1.000 
2659 1.000 
2660 1.000 
2661 1.000 
2662 1.000 
2665 1.000 
2664 1.000 
2665 1.000 
2666 1.000 
2667 1.000 
2668 1.000 
2669 1.000 
2670 1.000 
2671 1.000 
2672 1.000 
2673 1.000 
2674 1.000 
2675 1.000 
2676 1.000 
2677 1.000 
2678 1.000 
2679 1.000 
2680 1.000 
2681 1.000 
2682 1.000 
2683 1.000 
2684 1.000 
2685 1.000 
2686 1.000 
2687 1.000 


1D numbers: 


Tempe 
K 


369.850 
373-6150 
398.150 
423.150 
448.150 
473.150 
498.150 
523-2150 
548.150 
573-150 
598.150 
369.850 
373.2150 
398. 150 
423.150 
448.150 
473.150 
498.150 
523.2150 
548.150 
573150 
369.850 
373.150 
398. 150 
423.150 
448. 150 
473.150 
498.150 
523.150 
369.850 
373.150 
398.150 
423.150 
448.150 
473-150 
498.150 
369.850 
373-150 
398. 150 
423.150 
448.150 
473.150 
369.850 
373-150 
398. 150 
423.150 
448.150 
369.850 
373.150 
398.150 
423.150 
369.850 
373.150 
398.150 
369.850 
3732150 


Table 7. 


(Continued) 


(1)Virial Equation, (2)Dawson, (3)Beattie, (4)Deschner, (5)Reamer, 
(13)Cherney, (17)Tomlinson, (24)Ely, (26)Dittmar, (XXXX)Haynes, (51,52)Thomas, (78)Teichmann, 


Densi 
expt 
mol/L 


7.000 
7.000 
72000 
7.000 
72000 
72000 
72000 
7-000 
72000 
7-000 
72000 
7.500 
72500 
7-500 
72500 
7.500 
72500 
72500 
7.500 
7.500 
72500 
8.000 
8-000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.500 
8.500 
8.500 
8.500 
8.500 
8.500 
8.500 
9.000 
9.000 
9.000 
9.000 
9.000 
9.000 
9.500 
9.500 
9.500 
9-500 
9.500 
10.000 
10.000 
10.000 
10.000 
10.500 
10.500 
10.500 
11.000 
11.000 


kg/m? 


308.68 
308.68 
308.68 
308.68 
308.68 
308.68 
308.68 
308.68 
308.68 
308.68 
308.68 
330.73 
330273 
330. 73 
330273 
330.73 
330.73 
330.73 
330.73 
330.73 
330.73 
352-78 
352.78 
352.78 
352.78 
352.78 
352.78 
352.278 
352.78 
374.83 
374.83 
374.83 
374.83 
374.83 
374.83 
37483 
396.87 
396.87 
396-87 
396.87 
396.87 
396.87 
418.92 
418.92 
418.92 
418.92 
418.92 
440.97 
440.97 
440.97 
440.97 
463.02 
463.02 
463.02 
485.07 
485.07 


Density Density 
Diff. 


calc 
kg/m? 


307.00 
306.19 
306.55 
307233 
308.09 
308.61 
308.97 
309.23 
309.47 
309.74 
309.90 
329.49 
32922 
329.36 
330-03 
330242 
330.87 
BNO Ue) 
331.34 
331250 
331.72 
351.87 
351.84 
352.00 
352.42 
352.79 
353-203 
35320 
35334 
374.205 
374.216 
374.51 
374.65 
374.73 
375210 
37519 
396240 
396.43 
396.94 
396.82 
396.98 
397.210 
418.79 
418.99 
418.85 
418.98 
418.99 
440.96 
440.91 
441.11 
441.25 
463.22 
463.28 
463.33 
485.50 
485.54 


122 


2 


099 
281 
o/6 
044 
019 
202 
-.09 
~e 18 
-.26 
-. 34 
-.39 
e357 
046 
042 
eZ 
209 
-.04 
—e 12. 
=e 18 
-.23 
-.30 
226 
e27 
022 
210 
-.00 
-.07 
~e 12 
=e 16 
o21 
018 
209 
°05 
002 
-.07 
“e 10 
012 
ell 
-.02 
201 
-.03 
-.06 
203 
-.02 
202 
-.01 


Pexpt 
MPa 


4.4573 
4.8957 
8.4013 
12.0598 
1527907 
19.5549 
EOP T 
2721102 
30.8952 
34.6896 
38.4597 
4.8221 

563442 

9.4625 
13.7340 
18.0595 
2224403 
26.8214 
3122082 
35-5902 
39-9842 

525551 

6.1798 
11.0271 
16.0100 
21.0590 
26.1301 
31-2060 
36-2829 
6.8600 

7.6085 
13.3324 
19.1292 
24.9617 
30.8828 
362/519 
9.0356 
9.9131 
1626730 
23.3965 
30.2048 
3720155 
12.4364 
13.5032 
21.2979 
29. 1850 
3720435 
17.4363 
18.6257 
27-8096 
36.9865 
24.6078 
26-0340 
36.6584 
34.5614 
362066 


Peale 


MPa 


4.4755 
4.9503 
8.4904 
12.1455 
1528436 
19.5630 
2322910 
2720197 
30.7437 
34.4593 
38. 1639 
4.8512 

503857 
9.5405 
1327944 
18.0953 
2224191 
2627514 
31.0832 
35-4082 
392/222 
5.5955 
662259 
11.0931 
16.0528 
21.0572 
2620818 
3121118 
3621374 
6.9189 
726628 
1323719 
19.1583 
24.9806 
30.8156 
36.6491 
9.0937 
9.9700 
16.6617 
23.4083 
3021757 
3629435 
12.4614 
13.4902 
2125154 
29.1674 
3720195 
17.4398 
18.6426 
27-7624 
3628764 
24.5320 
2529316 
3625180 
34.5368 
3529576 


Pressure 
Diff. 
i 


41 
-. /0 
-1.05 
-e/1 
-.535 
—e 04 
ol7 
254 
049 
067 
2/8 
=O 60 
-e// 
-.82 
-.44 
-.20 


Temp. 
K 


50.000 
100.000 
150.000 
200.000 
275.150 
298.150 
300.000 
400.000 
500.000 
600.000 
700.000 
800.000 
900.000 

1000 000 
1100.000 
1200-000 
1300.000 
1400.000 
1500-000 


expt. 


4.096 
4.967 
5 «868 
6.743 
8.268 
8.852 
8.892 
11.308 
13.542 
15.479 
17.160 
18.614 
19.888 
21-000 
21.971 
22.821 
232556 
24.200 
24.764 


Table 8. 


) 
Cp/R 


Number of points = 19; 


| S° = 0.006%. 


Comparisons of data for Ideal gas functions with eq (7). 


Propane ideal gas functions from Chao, et al. [13] 


calc. 


4.084 
4.987 
52854 
6-730 
8.289 
8874 
8.917 
11.297 
132519 
15.477 
17-172 
18.634 
19.898 
202996 
21.957 
22.2805 
232552 
24.219 
24.816 


rms deviation for os 


Diff. 
é 


2296 
-.409 
e230 
°201 
-250 
- 246 
- 285 
2089 
0170 
2014 
-.070 
-.103 
-2050 
2016 
2063 
2081 
0018 
-.076 
-.210 


(HO = H9)/RT 


expt. 


4.014 
4.254 
4.645 
52059 
52/07 
5946 
5.964 
6.998 
8.088 
9.162 
10.188 
11.2152 
12.054 
12.894 
13.677 
14.404 
15.080 
15.709 
16.294 


calc. 


4.013 
4.254 
4.647 
5 2056 
5.706 
5 0947 
52965 
72002 
8.087 
9.159 
10.186 
11.153 
12.056 
12.896 
13.677 
14.403 
15.079 
15-708 
16.296 
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Diff. 


A 


0024 
- 001 
-.045 

2066 

0017 
-.016 
-.017 
- 047 

0011 

20335 

0019 
- 006 
-.017 
- 015 
-.003 

e005 

0010 

2007 
-.008 


S°/R 
expt. 


2223553 
25.453 
27.622 
29 6429 
312749 
322498 
32.549 
35442 
38 «210 
40 .852 
43.368 
45.158 
48.023 
50.182 
52 230 
54.177 
502034 
57.801 
592491 


calc. 


22655) 
25 433 
27625 
29426 
31.746 
32.497 
32.552 
352444 
38.208 
40.850 
43.367 
45./57 
48.027 
50.182 
52229 
54.176 
56.032 
57.802 
592494 


0.19%; rms deviation for H° = 0.03%; rms deviation 


Data sources and ID numbers: 


Propane ideal gas specific heats 


Table 8. 


(Continued) 


(6)Kistiakowsky/Rice, (7)Dailey, (8)Ernst, (9)Rossinie 


ID 


ODOM DVUDVMMODMIVYYWYWYNNYANDANDUUUUUA REAR AR AR AWWWWNNND 


Tempe 
K 


100.000 
298.150 
700.000 
1000 .000 
273-150 
373.150 
4732150 
573-150 
294.300 
310-900 
327.600 
344.500 
360-900 
377 «600 
394 .300 
410.900 
427.600 
444.500 
148.200 
157.800 
213-100 
219.000 
258 -000 
272.2380 
300.370 
334.050 
368.550 
334.2700 
360.100 
387.800 
452.600 
521-000 
562 -000 
603-300 
693 200 
293-150 
3132150 
333.150 
3532150 
338 «706 
352.594 
366.483 
380 0372 
394.261 
408.150 
422.039 


‘expt. 


4.952 
8.842 
17.210 
21.050 
72710 
10.135 
12-420 
14.433 
8.817 
9.088 
9-350 
9.617 
9.893 
10.165 
10.432 
10.704 
10.970 
11.242 
5.883 
62059 
72045 
70131 
72926 
8.037 
8.796 
9.642 
10.487 
9.878 
10.236 
10.875 
12.616 
14.035 
14.644 
15.479 
16.918 
8.740 
9.154 
9.658 
10.151 
9.840 
10.186 
10.528 
10.869 
11.206 
11.537 
11.857 
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) 
C5/R 


(2)A-P21 244, (3)Beeck, (4)Sage, (5)Kistiakowsky/Lacher, 


calce 


4.987 
8.874 
U2 
20.996 
8.289 
10.665 
12.947 
14.978 
8.783 
9.177 
9.576 
9.976 
10.374 
10.771 
11.164 
11.551 
11.934 
12.311 
52825 
5 983 
6-986 
72105 
7.944 
8.271 
8-926 
9.731 
10-556 
9-746 
10.354 
11.012 
12.496 
13.953 
14.765 
152537 
17.065 
8.755 
92230 
9.709 
10.188 
9.842 
10.175 
10.507 
10.836 
11.163 
11.487 
11.807 


Table 9. 


FO 
J/mo| 


20760 
2382.1 
2705 3 
3044.8 
3399.6 
3768.9 
4152.0 
4548.8 
4959 3 
5383.5 
5822.1 
6275.3 
6743.9 
7228.3 
772922 
8247.0 
8782.4 
9335.7 
9907.4 
10497.9 
1110725 
117364 
12384 .8 
130530 
1374029 
14448.8 
15176 6 
15924.3 
16692 .0 
17479.4 
182867 
19113.6 
19960.0 
20825.9 
2171029 
226151 
2353861 
24479.9 
25440 01 
26418 6 
274152 
28429.7 
29461.8 
305113 
31578.0 
326617 
33762 «1 
3487961 
36012 .3 
371615 
3832626 
39507 .3 
407034 
41914.6 
43140.7 
44381 .6 
4563720 
469067 


Interpolated 


HO 
J/mo| 


2741 21 

3130.4 
3536.8 
3959.4 
4397.23 
4849.7 

5316.0 

5796.0 
6289.6 
6797.20 

7318.7 

785561 
8406.8 

8974.3 
9558.3 
10159.3 
10777.8 
11414.3 
1206961 
12742.8 
13435.5 
14147.5 
1487961 
156304 
16401.5 
17192.5 
18003 .5 
18834.4 
19685.1 
20555-7 
21446-1 
223562 
23285 8 
24234.7 
252030 
26190.3 
2719624 
28221 3 
292647 
3032624 
31406 61 
32503 7 
3361920 
347516 
35901 5 
37068 3 
38251 .9 
39451 .9 
40668 .3 
41900.7 
43148.9 
44412.8 
45692.0 
469863 
482956 
49619.7 
50958 .2 
52311.0 


ideal gas functions from eq (7). 


se 
J/(mol eK) 


202.599 
207.182 
211.461 
215.488 
219.2297 
222.918 
2262373 
229 685 
232.868 
235.944 
238.925 
241.825 
244.654 
247 423 
250.139 
252.811 
255 443 
258.041 
260.609 
265.151 
265 670 
268.168 
270.648 
2732112 
275 2560 
2772994 
280.414 
282 823 
285.219 
287.605 
289.979 
292 343 
294.696 
297.2039 
299.372 
301-695 
304.008 
306.312 
308.605 
310.888 
313-16] 
3152424 
317.677 
319.920 
3222153 
324.375 
326.588 
328.790 
330.981 
333-163 
335.2334 
337494 
339.644 
341.783 
3432912 
346-031 
348.139 
350.236 


125 


fo) 
Cy 
J/(mol eK) 


29.75 
31.48 
3315 
34.73 
36.21 
37.63 
39.00 
40.36 
41.73 
43.13 
44.58 
46.08 
47.64 
49.25 
50.93 
5265 
54.43 
56.25 
58.11 
60.00 
61 92 
63.86 
65.83 
67.80 
69.79 
7178 
73-78 
75077 
77276 
79274 
81.71 
83.67 
85.62 
87.255 
89.46 
91-36 
93224 
95.10 
96.94 
98.76 
100.56 
102 33 
104.09 
105.82 
107.52 
109.21 
110.87 
112.51 
114.13 
115.72 
117.29 
118.84 
120.37 
121.87 
123.36 
124.82 
126.26 
127.67 


fee) 


Y 


J/ (mol *K) 


38.07 
39.79 
41.47 
43.04 
44.53 
45.94 
47.3) 
48.67 
50.05 
51245 
52.90 
54.40 
55 95 
57.57 
59224 
60.97 
62.74 
64.56 
66.42 
68.31 
70223 
72.18 
74214 
76012 
78671 
80.10 
82.09 
84 .08 
86.07 
88.05 
90.02 
91.98 
93.93 
95.86 
97.78 
99.68 
101.56 
103.42 
105.26 
107.07 
108.87 
110.65 
112.40 
114.13 
115.84 
117.52 
119.19 
120.82 
122.44 
124.04 
125.61 
127.16 
128.68 
130.19 
131.67 
133.13 
134.57 
135.99 


Table 10. 


Data sources and 


Comparisons of heat of vaporization data with 


eq (99% 
1D numbers: 


(1)Dana, (2)Kemp, (3)Sage, (4)Staveley, 


(5)Helgeson, (6)Yesavage, (7)Carruth, (40)Thermal Loops, (41)Clapeyron. 


Weight 


1.000 
0999 
0997 
3995 
0993 
0992 
0991 
2990 
0988 
2988 
0986 
0985 
0983 
2982 
098 | 
0979 
0979 
09/6 
0975 
0974 
2971 
0971 
e969 
2967 
2966 
0963 
0963 
2960 
0958 
0956 
0953 
0953 
0949 
0947 
0945 
0942 
094) 
0937 

0.000 
0933 
2928 
0928 
2923 
0921 
0917 
0912 
0912 
0910 
2903 
"2998 
0995 
2991 
0986 
2982 
0977 
0971 
2965 
0959 
0951 
0944 
0935 
0925 
0914 


Tempe 
K 


852470 
90.000 
95.2000 
100.000 
105.000 
110.000 
110.946 
115.000 
116.342 
120.000 
125.000 
125.739 
130.000 
153-1155 
135.000 
140.000 
140.532 
145.000 
147.928 
150.000 
155-000 
1552324 
160.000 
162.721 
165.000 
170.000 
170.117 
175-000 
1772514 
180.000 
184.910 
185.000 
190.000 
192.306 
195.000 
199.703 
200-009 
205-000 
207.2099 
210.000 
214.496 
215.000 
220-000 
221 6892 
225-2000 
229.288 
230.000 
231.000 
2362685 
90.000 
100.000 
110.000 


120.000 . 


130.000 
140.000 
150.000 
160-000 
170.000 
180.000 
190.000 
200.000 
210.000 
220.2000 
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Heat of Vaporization 


expt. 


24.824 
24.2622 
24.401 
24.183 
23.967 
23.754 
232/19 
232544 
23.391 
232535 
232129 
23.068 
22-925 
22.770 
22/22 
22520 
22460 
22520 
22.6 182 
22.121 
2129235 
21.887 
212/25 
212631 
21.528 
212331 
212326 
21.133 
20.989 
20.935 
20.745 
20.736 
20.536 
202459 
20-334 
20.144 
20.129 
19.922 
20.014 
19.712 
19.504 
19.498 
19.280 
19.189 
19.057 
18.857 
18.850 
18.783 
18.500 
24.562 
24.157 
232/744 
232528 
22.914 
222504 
22.100 
212703 
212310 
20.918 
202525 
20.124 
19.713 
19.285 


kJ/mo | 


Gallics 


24.84 1 
24.628 
24.398 
24.172 
232952 
232735 
232695 
23522 
23.582 
PEON) 
23.107 
23.077 
22.904 
22.778 
22.703 
22.504 
222483 
222307 
222192 
22.111 
21.916 
21.2903 
ZeviZ 
212616 
ZlieDZ7 
212332 
212328 
2 lel Si 
21.038 
202940 
20-746 
206742 
20-543 
202450 
20. 340 
20. 148 
20.2135 
19.927 
19.839 
19.716 
19.522 
19.500 
19.279 
19.194 
19.053 
18.855 
18.822 
18.775 
18.503 
24.628 
24.172 
232135 
2555 
22.904 
22.2504 
22-111 
21.721 
212332 
20.940 
20.543 
202135 
19.716 
19.279 


Diltitre 


-.02 
- 09 
-.01 
001 
-.03 
002 
201 
004 
004 
-.02 
-e2/ 
-.06 
204 
206 
204 
-.00 
-.05 
-.08 
“e 10 
-.10 
-.09 
-.06 
-.01 
203 


Table 10. (Continued). 


Data Sources and ID numbers: (1)Dana, (2)Kemp, (3)Sage, (4)Staveley, 
(5)Helgeson, (6)Yesavage, (7)Carruth, (40)Thermal Loops, (41)Clapeyron. 


1D Weight Temp. Heat of Vaporization Ditties 

K kJ/mol vi 

expt. Calli’. 

4) 2902 230.2000 18.837 18.822 208 

4] 888 240.000 18.362 18.340 012 

4] 08/2 250.000 17.855 17.829 214 

41 0855 260.000 17.2310 17.283 015 

41 0831 270 «000 16.720 16.696 014 

41 2805 280-000 16.078 16.062 210 

41 0/14 290.000 15.377 15.372 004 

41 e 1/36 300.000 14.608 14.614 -.04 

4] 2687 310.000 13.757 fie =. 13 

41 2625 320.2000 12.808 12.834 -.20 

41 2541 330.000 11.733 11.760 -.25 

41 2426 340.000 10.480 10.499 -.19 

41 2264 350-000 8.941 8.946 -.05 

41 2062 360-000 6.821 6-806 022 

1 0-000 234.070 18.441 18.629 -1.01 

1 0.000 237.750 17.856 18.451 -3.22 

1 0.000 241.850 18.242 18.249 -.04 

1 0.000 247.2100 17.873 17.981 - 60 

1 0.900 253-740 17.819 17.629 1.08 

1 0.000 261.210 17.397 17.214 1.06 

1 0.000 269.100 16.865 16.751 268 

1 0.000 275.420 16.330 162359 -.18 

1 0.000 279.890 162524 16.069 2.85 

1 0.900 281.850 15.814 15.939 -./8 

| 1 0.000 285-530 15.738 15.688 052 
| 1 0.000 287.150 15.795 [BoD75 1.41 
| 1 0.000 292.2200 152356 15.211 095 
| 1 0.000 292.700 15.596 15.174 2.7/8 
2 0.000 231-090 18.780 18.771 005 

3 0.000 312.817 13.627 13.521 °/8 
| 3 0.000 312.983 132649 13.2506 1.06 
| 3 0.000 316.206 13.360 132204 1.18 
3 0.000 3162372 13.2551 13.189 215 

5} 0.000 3162483 13-551 132178 22835 
| 3 0.000 3162539 13-282 13.173 083 
5) 0.000 318.928 132171 12.940 1.78 
3 0.000 320.9835 13.2127 12.735 3.08 
| 3) 0.000 321.150 132143 12.718 3.34 
5) 0.000 327.983 12.284 11.989 246 
3 0.000 328.094 12.224 11.977 2207 

3 0.000 3352594 11.297 11.082 1.94 

3 0.000 335-2650 11.344 11.075 243 
3 0.000 345-706 10.205 9.660 5.64 
5 0.000 346.039 10. 188 9.607 6204 

3 0.000 348.150 9.648 9.264 4.15 

4 0-000 185.000 20-690 20-742 =22) 

4 0.000 213-200 19.660 19.578 42 

5 0.000 310.928 13.651 13.692 250 

5 0.000 322.039 12.592 12.627 -.28 

5) 0.000 3272594 11.989 12.033 -.36 

5 0.000 330.372 11.612 11.717 - 89 

| 6 0.000 263206 17.148 17.100 228 
6 0.000 285.928 15.734 15.660 247 
| 6 0.000 301.317 14.617 14.508 0/5 
6 0.000 3132428 132633 13.465 1.25 
\ 6 9.000 323.2428 12.649 12.483 1.33 
| 6 0.000 331-817 11.624 11.547 067 
6 0.000 339 483 10.578 10.570 207 

6 0.000 346.206 9.512 9.581 -./2 

6 0.000 3522428 8.405 8.500 -1.12 

6 0.000 358 2039 72216 723504 -1.20 

6 0.000 36323572 52875 52/87 1.49 

6 0.000 367.2059 4.449 4.198 5299 

Number of data points used in fit = 76; rms deviation = 0.083%. 
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Table 11e Enthalpies of saturated liquid propane from 


eq (10). 

Temps Ha! Hg (eq (10)) Di ff. 
K J/mo| J/mo| ra 
90.00 391.6 391.5 2018 
100.00 1253.4 1253.4 -.003 
110.00 2115.2 2113.3 -.004 
120.00 2973.0 2973.0 -000 
130.00 3834.6 3834.5 -003 
140.00 4700.4 4700.3 -002 
150.00 5572.6 557206 -000 
160.00 6453.6 6453.7 -.001 
170.00 7345 6 734507 -.001 
180.00 8250.5 825067 -.002 
190.00 9170.5 9170.5 -.000 
200.00 10106.9 10106.8 2001 
210.00 1106161 11060.9 2002 
220.00 12034.5 12034.3 »002 
230.00 130283 13028.2 -001 
240.00 14043.7 14043.9 -.001 
250.00 15082.5 15082.6 -.001 
260.00 161456 16145.9 -.002 
270.00 1723525 17235.6 -.000 
280.00 18354.0 1835329 -000 
290.00 19504.4 195041 »002 
300.00 20690 -5 206903 -001 
310.00 2191823 2191822 .000 
320.00 2319661 231964 -.001 
330.00 2453761 24537 6 -.002 
340.00 25963.5 259634 -000 
350.00 2751765 2751648 ~002 
360.200 2931427 2931520 -.001 
369.85 3308242 33082 02 0.000 


Number of points = 28; rms deviation = 0.004%. 


| Derived from ideal gas functions, the equation of state, and the formulated 
heats of vaporization. 
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Table 12. Entropies and specific heats of saturated liquid 
propane fron eq (11). 


S 


Temp. Gg Sg (eq (11)) Dilififire Cg 
K JZ (mol eK) JZ (mol eK) GA J/ (mol eK) 
85.47 82.561 82.561 0.000 87.54 
90.00 87.074 87.070 2005 87.05 
100.00 96.197 96.197 e000 86.25 
110.00 104.394 104.396 -.003 85.87 
120.00 111.864 111.866 -.001 85.88 
130.00 118.753 118.751 2001 86.23 
140.00 125.165 125.163 2002 86.86 
150.00 131-185 131. 184 2001 87.71 
160.00 136-877 136.877 -.000 88.75 
170.00 142.292 142.293 -.001 89.96 
180.00 147.471 147.473 -.001 91.32 
190.00 152.448 152.450 -.001 92.81 
200.00 NDZ il (S7625i| 2000 94.45 
210-00 161-902 161-901 2001 96. 20 
220.00 166.421 166.420 2001 98.08 
230-00 170.824 170.823 2001 100.07 
240.00 175.126 175.125 2000 102.16 
250-00 179.339 179.340 -.000 104.35 
260.00 183.476 183.477 -.001 106.67 
270-00 187.548 187.549 -.001 109.15 
280.00 191.566 191.567 -.000 111.86 
290.00 195.544 195.543 2001 114.87 
300.00 199.496 199.495 2001 118.33 
310.00 203440 203-439 2001 122.41 
320.00 207-401 207.401 -.000 127.39 
330.00 2112412 2112415 -.001 133.79 
340.00 2 BoSSY2 AVIS SSS) -.001 142.79 
350.00 219.870 219.867 2002 157.85 
360-00 224.725 224.1727 -.001 194.14 
369.85 234.1726 234.126 0.000 -- 


Number of points = 28; rms deviation = 0.001%. 


! Derived from ideal gas functions, equation of state, and formulated heats 
of vaporization. 
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1D 


Table 14. 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1-000 
1.000 
1-000 
1.000 
1 «000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Comparisons with saturated 


(1)Dana, (2)Kemp, (8)Cutler, (30)Yesavage, (XXX)Goodwin. 


Temp « 
K 


85.598 
85.723 
86 «395 
86.622 
86. 763 
86.836 
87.064 
87.856 
87.870 
88.871 
88.931 
89.720 
89.879 
90.000 
90 - 366 
91.060 
91.366 
93.321 
93.430 
95.166 
95 2530 
95.750 
95.760 
98.060 
99.797 

100.000 
100.330 

101.406 

101.960 

102.570 
104.646 

104.780 

108.461 

108.500 

110.000 

110.300 

115.160 

115.393 

116.889 

120.000 

121.970 

1226132 

124.009 

128.738 

128.900 

130.000 

131.003 

135.238 

135.950 

137.870 


136 


Co, J/(mol ei) 
expt 


83.95 
83.83 
83.93 
B4.29 
B4 «32 
83.81 
84.04 
84.15 
84.33 
84.17 
84.228 
84.55 
84.48 
84.04 
84.53 
83.97 
84.54 
84.73 
84.22 
84.78 
84.76 
84.73 
84.48 
84.14 
84.94 
34.86 
84.06 
85.10 
85.09 
84.73 
85.25 
85.06 
85.43 
85.43 
85.685 
85.53 
85.80 
85.79 
85.81 
86.72 
86.18 
86.18, 
86-20 
86.51 
86 56 
87.42 
86.69 
86 92 
87.23 
87.14 


liquid spect fic heats. 


calc 


84.10 
84.19 
84.13 
84.14 
84.15 
84.15 
84.16 
84.20 
84.20 
B4.25 
84.25 
84.29 
84.30 
84.50 
84 32 
84.35 
84.37 
B4.46 
84.47 
84.55 
84.57 
84.58 
84.58 
84.70 
84.79 
84.80 
84.81 
84.87 
84.90 


84.93 > 


85-04 
85.05 
85.25 
85226 
85 34 
85.36 
85.64 
85.66 
85.75 
85.94 
86-06 
86.07 
86.19 
86.51 
86 52 
86.60 
86.67 
86.97 
87.02 
87017 


Data sources and ID numbers: 


Welght 


1.000 
1.000 
1.000 
1 .000 
1.000 
] -000 
1.000 
1-000 
1.000 
1-000 
1.000 
1.000 
1-000 
1-000 
1.000 
1.000 
1.000 
1 000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1-000 
1-000 


Table 14. 


(1)Dana, (2)Kemp, (8)Cutler, (30)Yesavage, (XXX)Goodwin. 


Temp e 
K 


140.000 
141.629 
142.790 
145.757 
147.902 
149.740 
150.000 
152.350 
154.093 
156.850 
158-858 
160.000 
160.343 
164.390 
165 298 
166-378 
170-000 
171647 
172-020 
172.2363 
178.276 
179.2090 
179.354 
180.000 
184.114 
185.534 
185.900 
189.882 
190.000 
191.643 
194.280 
195.603 
197.686 
200.000 
200.940 
202.405 
204-154 
207.090 
209.358 
210.000 
2112041 
2132100 
2162254 
217.2854 
219.250 
220-000 
222.998 
224.592 
224.960 
229.651 
229.810 


(Continued) « 


137 


J/(mol *K) 


calc 


87.35 
87.45 
87.54 
87.78 
87.96 
88.11 
88.14 
88.34 
88.49 
88.74 
88.93 
89.03 
89-07 
89.46 
89.55 
89.66 
90.03 
90.20 
W.24 
90.28 
90.93 
9102 
91 .06 
91.13 
91.62 
91.79 
91-33 
92.34 
92 235 
92.56 
92.91 
93.09 
935.38 
93.70 
93 83 
94.05 
94.50 
94.74 
95.09 
95.20 
95.56 
95269 
9621 
96.48 
96-72 
96.85 
97.38 
97.66 
97.73 
98.61 
98.64 


Diff. 


pp 


+82 
-.12 
ia) IPD 
-.12 
-.10 

04 

061 
-.20 
-.19 
-.05 
-.18 

259 
-.l11 
-.11 


-.28 
-.08 

024 
~e 1 O 
-.42 
-.08 
—* ] 2 
—.5) 
=o 17 

014 
-.17 
-.13 
e 19 
-.] 6 

012 
-.09 
-.13 
-.09 
-.18 

014 

200 
—-.55 
mack 18 
-.51 
-.06 

016 

203 
-.2/] 

205 
-.05 
-.47 

220 
-.04 
-.12 
-.26 
-.07 
8 BY / 


Data sources and ID numbers: 


Number of data pofnts 


Weight 


1 000 
1.000 
1-000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.000 
0.000 
1.000 
1.000 
0.000 
1.000 
0.000 
0.000 
0-000 
1.2000 
1.000 
1-000 
0000 
0.000 
1.000 
1.000 
0.000 
1.000 
1.000 
0.090 
1.000 
1-000 
1-000 
1-000 
1.000 
1.000 
1.000 


Table 14. 


(1)Dana, (2)Kemo, (8)Cutler, (30)Yesavage, (XXX)Goodwine 


Tempe 
K 


230.000 
231.2245 
236-231 
2382095 
240.090 
241.760 
242.764 
244.560 
246.880 
250.2000 
250.946 
252.820 
255 2330 
2572248 
260-000 
2612550 
263551 
264.740 
266-440 
269.060 
269.931 
2702000 
276292 
2762430 
276.780 
280.000 
282.595 
287.2550 
288. 813 
290-000 
291 590 
300.000 
310-000 
320-000 
330.000 
340.000 
350 «000 
360.000 


139; rms deviation = 0.29%. 


(Continued). 


138 


1052/2 
106227 

97279 
106.27 
107220 
108.15 
108.77 
109.98 
107.01 
111244 
111.98 
111-96 
107.75 
114.09 
115.57 
110.89 
119-60 
124.22 
129.70 
136.63 
146.28 
162.17 
199.63 


J/(mol eK) 


calc 


98-58 

98.92 

99.91 
100.30 
100.70 
101.08 
101.30 
101.59 
102.22 
102.95 
103-17 
103-62 
104.24 
104.73 
105.44 
105.85 
106.40 
106.72 
107.220 
107.95 
108.21 
108.23 
110.15 
110.20 
110.31 
111-36 
112.24 
114.00 
114.46 
114.91 
115252 
118.99 
123.76 
129253 
136.83 
146.85 
162.8] 
198.91 


Pressure 
MPa 


0.0000 
20490 
-0981 
-1961 
25432 
04903 
263574 
2/845 


0.0000 
0490 
20981 
-1961 
25432 
04903 
26374 
2 1/845 
29807 

1.1768 


0.20000 
20490 
0981 
e1961 
05432 
24905 
26374 
e /845 
29807 

1.1768 

1.3729 


0.0000 
0490 
20981 
21961 
23432 
24903 
26374 
2/845 
29807 

1.1768 

151729 


Number of data points of Ernst [26] = 40; mean deviation = 0.30%. 


Density 
kg/m3 


0.00 
290 
1.81 
3.68 
6.62 
9.74 
13.10 
16.75 


0.00 
084 
1.69 
342 
6.12 
8.95 
11.93 
15.08 
19.62 
24.66 


0.00 
2/9 
1.58 
3.20 
5/0 
8.30 
11.00 
13.82 
17.78 
22.05 
26.63 


0.00 
0/4 
1.49 
3.01 
5 234 
7215 
10.23 
12.79 
16.36 
20.10 
24.06 


Table 15. 


Comparisons with C, and C 


C, data of Ernst [26] 


Pp 


Cp, J/(mol*K) 


expt 


72.67 
7306 
73251 
74247 
7652 
78.48 
81.13 
84 57 


76011 
76.53 
76 295 
772.19 
79.19 
80.63 
82.44 
84.61 
88.01 
93.18 


80.30 
80.55 
80.93 
81.54 
82.56 
83.56 
85.00 
86.45 
88.65 
91.28 
94.95 


84.40 
84.59 
84.79 
85 36 
86.19 
86.97 
88.01 
89.02 
90.65 
92.39 
94 37 


calc 


72.80 
7313 
73.50 
74.359 
76.09 
78 235 
81.43 
85.79 


7674 
77.01 
77251 
77.97 
79218 
80.66 
82.49 
84.75 
88.74 
94.49 


80.72 
80.95 
81.19 
81.71 
82.62 
83.68 
84.93 
86.39 
88.73 
91.67 
95.44 


84.71 
84.90 
85.10 
85.52 
86.25 
87.05 
87.96 
89.00 
90.59 
92.45 
94.66 


m= 293.15 °K 


Dit. 


2 


-.l1/ 
- 09 
201 
oll 
050 

° 16 
-.356 
-1.42 


T = 513.215 K 


- 683 
-.63 
- 46 
- 23 
202 
-.04 
-.06 
-el/ 
- 82 
=1.59 


(= 255 5.euon Kk 


-.53 
-.49 
e352 
-.21 
-.07 
=O 15 

e08 

007 
-.09 
-.42 
-.51 


UPSY Spo B) Is 


139 


-.3/ 
-.3/ 
-. 36 
~e 19 
-.05 
-.09 

005 

002 

207 
-.06 
- 30 


p data. 


Cp - Cp, J/(molek) 


expt 


0.00 
039 
284 

1.80 

3.65 

5 81 

8.46 

11.90 


0.00 
042 
284 

1.68 

3.08 

4.52 

633 

8.50 

11.90 
17.07 


0.00 
025 
063 

1.24 

2226 

3.26 

4.70 

6.15 

8.35 

10.98 
14.65 


0.00 
019 
259 
096 

1.7/9 

2.57 

B61 

4.62 

6.25 

7299 

9.97 


calc 


0.00 
2353 
oat 

1.59 

3-29 

5256 

8.63 

13.00 


0.00 
02] 
056 

1.23 

243 

3.92 

52/4 

8.01 

12.00 
17.75 


0.00 
022 
046 
098 

1.89 

2.96 

4.21 

5267 

8.01 

10.94 
14.71 


0.00 
019 
239 
081 

1.52 

2-34 

3.25 

4.29 

5 88 

7274 

9.95 


Table 15. (Continued). 
Cy data of Yesavage [104,105] 


P = 1.7237 MPa 


Temp. Density Cp, J/(mol eK) Diffe 
K kg/m expt calc % 
1162483 702.241 85.79 85.67 014 
144.261 674.46 87.04 87.58 207 
172.039 646.27 89.85 9.11 -.29 
199.817 617.230 93017 93.48 0.5)3) 
2272594 536.89 97.79 97.298 -.20 
255.372 554.04 104.06 104.09 -.05 
283.150 BN Vk) 112.73 112.76 -.05- 
310-928 472.66 128.41 126-80 1.27 
338.706 34.65 101.85 1035.02 -1.14 
566.483 29.70 98.89 99.10 21 
394.261 2641 102.03 100.66 1.36 


P = 3.4474 MPa 


1162483 70314 85.98 85.63 Al 
144.261 675-56 87.64 87.50 016 
172-039 647240 89.67 89.98 —.35 
199.817 618474 92.80 93227 -250 
227.594 588.77 97-60 97262 -.02 
2552372 556265 103.51 193.45 005 
283.150 520.96 112.18 111.49 262 
310.928 479.14 124.17 123.55 051 
338.706 423.88 150.37 147.55 1.91 
366 483 82.76 157.57 165.8] -4.97 
394.261 63.97 122.14 120.50 1.36 
422.039 53 88 114.02 114.63 255 


P = 6.8948 MPa 


1162483 704.58 85 98 85.54 051 
144.261 677214 87.64 87.35 032 
1722039 649.60 89.48 89.74 -.29 
199.817 621 253 92.62 92 -87 -.2/] 
227.2594 592 39 97.05 96 97 08 
2006512 561.50 102.77 102.35 41 
283.150 527.90 110.15 109.44 264 
310-928 490.05 118.82 119.12 -025 
338706 444.87 133.21 133-40 -.14 
3662485 384.03 159.23 156.08 1.97 
394.261 267262 267-53 262228 1.96 
422.039 a Deo2 176238 177278 -./9 


140 


Tempe 
K 


116.483 
144.261 
172.039 
199.817 
227 594 
25563572 
285-150 
3102928 
338.706 
366.483 
394 .261 
422.059 


116.483 
144.261 
172-039 
199.817 
2272594 
2550372 
283.150 
310-928 
333.706 
3566-483 
394.261 


DensI ty 
kg/m 


705299 
678.87 
65175 
624 222 
595 82 
566.02 
534.12 
499.13 
459.52 
412.55 
352.95 
276.85 


70738 
680.57 
653.84 
626.81 
599.10 
570.25 
539.76 
506.97 
471.06 
430.88 
385.05 


Table 15. (Continued). 


C. data of Yesavage [104,105] 


Pp 
P = 10.3421 MPa 


Cp, J/(mol *K) 


expt 


86.16 
87.82 
89.85 
92.44 
96.68 
102.03 
108.49 
116.42 
126-20 
139.30 
159.96 
177.68 


P = 13.7895 MPa 


86.16 
88.01 
90.22 
92.44 
96.31 
101.29 
107-20 
113.84 
122.51 
131.55 
146.13 


calc 


85.46 
87.22 
89.52 
92.52 
9641 
101.42 
107-86 
116.18 
126.99 
136.65 
164.44 
180.32 


85.38 
87.09 
89.31 
92.19 
95.91 
100.63 
106.60 
114.05 
123.17 
128.97 
147.46 


Number of data points of Yesavage [104,105] = 58; mean deviation = 0.74%. 


141 


Diff. 
h 


«82 
+69 
258 
-.09 
228 
-60 
258 
221 
-.63 
1.90 
-2 80 
-1.49 


091 
1.05 
1.01 

26 

242 

065 

056 
-.13 
-.54 
1.96 
-.92 


1D 


145 
146 
147 
148 
149 
150 
151 

52 
801 

802 
803 
804 
805 
806 
807 
808 
228 
229 
230 
25) 

232 
255 
234 
25D 
901 

902 
903 
904 
905 
906 
907 
301 

302 
303 
304 
305 
306 
307 
401 

402 
405 
404 
405 
406 
501 

502 
503 
504 
505 
601 

602 
503 
604 
605 
701 

702 
103 
704 


We f ght 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1 «000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1-000 
1.000 
1 000 
1.000 
1-000 
1.000 
1-000 
1.000 
1.000 
1.000 
1 «000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1 000 
1.000 
1.000 
1.000 
1 «000 
1.000 
1 000 


Tempe 
K 


2966 740 
301.507 
3072514 
313-479 
3192395 
325275 
331.118 
336-944 
2782582 
284.558 
290.482 
296 2874 
303.6 743 
310.524 
3172249 
322 550 
2560127 
2532385 
2622933 
268 2252 
273524 
278769 
283.978 
289.142 
2382172 
242.833 
248.402 
254.401 
2602329 
2652/28 
2702590 
2162834 
220.658 
224.436 
228.2198 
231.9351 
2352624 
239.291 
188.878 
192.681 
196.572 
200.428 
204.255 
207.852 
1562982 
160.668 
164.253 
167.2802 
171.318 
1262412 
129-030 
131.699 
134.418 
1 Deel 
100.334 
102.729 
105.2095 
1072444 


Table 15; 


(Continued). 


Cy data of Goodwin [34] 


Density 


kg/m 


497.86 
497.55 
497.15 
496.76 
49640 
496.01 

495.61 

495.26 
526.92 
526-43 
525-99 
52551 

524.98 
524249 
523.96 
52350017 
554.43 
554.21 

553.86 


55338 ~ 


552.93 
552.245 
552-01 
551252 
575-87 
575242 
574.85 
574.28 
573-70 
57313 
572.69 
600.38 
599.99 
599.55 
599.10 
598.271 
598227 
59787 
630.46 
629.93 
629.40 
628.91 
628.39 
627.90 
665 «40 
662.83 
662.25 
661.68 
661.11 
693 669 
69321 
692.68 
692.19 
691.66 
71962 
719209 
7138256 
718208 


Cy, J/(mol eK) 
expt 


74.25 
74.20 
75228 
76027 
7751 
78214 
79222 
80.26 
70278 
7175 
72 «82 
73 98 
75 023 
76647 
77267 
7859 
67-50 
68.04 
68 83 
69.77 
70.50 
71 233 
72226 
75 034 
6622 
66.28 
67.18 
6815 
69.08 
70211 
70.98 
64.02 
64.05 
64.27 
64.87 
6545 
66.07 
66 666 
61.48 
61 -84 
62225 
62.78 
63027 
63.85 
60.08 
60.36 
60.80 
61.15 
61 .60 
59/8 
60.02 
60222 
60.41 
60.60 
6049 
60. 76 
60.85 
60 99 


Number of Cy data points of Goodwin [34] = 58; mean deviation = 0.89%. 
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calc 


73532 
74623 
75041 
76262 
77-87 
79213 
80.43 
81.72 
70035 
71 059 
72244 
73.62 
74.94 
7630 
77.69 
78-83 
672351 
67.72 
6833 
69.16 
70.00 
70.86 
71274 
72.265 
65237 
65.99 
66.75 
67.59 
68.44 
69.24 
69.99 
63-58 
64.02 
64.46 
64.90 
65.34 
65279 
66-25 
61-92 
62 28 
62.65 
63.02 
6339 
63/5 
60.91 
61.19 
61-46 
61.73 
62-00 
60.71 
60.88 
61.05 
61 21 
61.37 
61-21 
61.35 
61.48 
61.60 


Diff. 
A 


1.25 
-.04 
-.18 
-.46 
me 72 
-| 27 
-| 052 
-| 282 
260 
Ae) 
252 
048 
059 
22 
-.02 
-.18 
228 
047 
0/2 
288 
o/1 
266 
1/2 
094 
1.28 
Pc 
064 
283 
292 
1.23 
1.39 
269 
005 
-.29 
-.04 
216 
042 
261 
-./2 
-./1 
-.68 
—.59 
-.20 
013 
-1 258 
-1.58 
=| 209 
-.95 
-.64 
-1 2°56 
-| 044 
-| e357 
=] 055 
-1.28 
-| 220 
-.97 
-1 005 
-.99 


Temp e 
K 


90.90 
90-00 
90.00 
90.00 
90 00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
110-00 
110.00 
110-00 
110.00 
110.00 
110.00 
110.00 
110.00 
119.00 
110.09 
110.00 
110.00 
110.00 
120.00 
120-00 
120.00 
120.00 
120.00 
120.00 
120.00 
120-00 
120.00 
120.00 
120.00 
140.00 
140.00 
140.00 
140.00 
140.00 
140.00 


Table 


Pressure 
MPa 


34.832 
31.431 
29.537 
28.713 
25.152 
23-317 
17-218 
14.584 
11.418 
8 865 
6.049 
2805 
34.567 
29.991 
26.613 
23.338 
202305 
172123 
14.272 
11.703 

8.572 
5.751 

2.911 
34.556 
312729 
28.901 
26-116 
25122 
232877 
29.485 
17.505 
14.464 
11-682 
8.647 

5.821 
3.031 
34.725 
31.000 
28-665 
24.899 
20-438 
17.354 
14.194 
11.756 
8.661 
5 2568 
3-069 
34.903 
32.285 
28.945 
263359 
22.925 
20.345 


16. Comparisons with velocity of sound data. 


Velocities of sound from Younglove [107] 


DensI ty 
kg/m 


739.94 
738290 
738.32 
738.206 
736.95 
736037 
734642 
7133257 
732253 
73168 
730274 
729.64 
730.51 
729201 
727288 
726677 
72573 
724063 
723-265 
72207) 
721259 
720256 
719252 
721226 
72026 
719226 
713226 
717290 
717244 
716220 
715209 
713294 
12287 
711-70 
710.59 
709.48 
712215 
710275 
709 86 
708.41 
706265 
795 042 
704.13 
703213 
701 84 
700.44 
699.45 
694.12 
693.00 
691-56 
690.41 
688-89 
6876/2 


143 


Vel. of Sound, m/s 


expt 


2205.4 
219662 
2190.8 
2188.8 
2179.20 
217367 
2156.5 
2149.0 
2138.1 
2132.2 
2123.7 
2114.2 
2143.3 
2130.7 
2120-8 
211161 
2102.0 
20922 
2083 4 
2075.4 
2065.5 
2056-3 
2046.5 
2082.4 
2073 6 
2065 0 
205623 
20536 
2049.4 
20387 
2028.9 
2018.8 
2009.5 
1999.3 
1989.6 
1979.9 
2022.8 
201161 
20030 
1989.9 
1975.2 
1964.4 
1953.2 
1944.4 
1933.2 
1921.8 
1912.4 
19051 
1895.5 
1882.9 
187361 
1859.9 
1850.1 


calc 


2096.3 
208665 
2081 0 
2078.6 
2068.2 
20629 
2045.41 
2037.24 
2028.1 
2020.6 
2012.3 
2002.8 
2034.0 
2019.9 
2009.5 
1999.3 
1989.9 
1979.9 
1970.9 
1962.9 
1952.9 
1943.9 
1935.0 
1975.8 
1966-6 
1957.4 
1948.2 
1945.0 
1940.8 
1929.6 
1919.6 
1909.4 
1900.0 
1889.7 
1880.1 
1870.5 
1920.8 
1908.0 
1899.9 
1886.8 
1871 61 
186061 
1848.8 
1840.0 
1828.7 
1816.6 
1808-1 
1815.8 
1805-8 
1793-0 
1782.9 
176924 
175922 


Temp. 
K 


140.00 
140.00 
140.00 
140.00 
140.00 
140.00 
160-00 
160.00 
160.00 
160200 
160.00 
160.00 
160.00 
160.00 
160.00 
160.00 
180.00 
180-00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180-00 
200.00 
200.200 
200200 
200.00 
200-00 
200-00 
200.00 
200.00 
200-00 
200-200 
200-00 
200.00 
200-00 
220-00 
220.00 
220-200 
220.00 
220-00 
220.200 
220.200 
220.00 
220-00 
220.00 
220.200 
220-00 
240.200 


Pressure 
MPa 


172664 
14.149 
11.218 
8.444 
5-364 
3532 
34.565 
31 «986 
28.2855 
262279 
232072 
20.151 
17-530 
14.481 
8.699 
22970 
34.078 
31.939 
29-069 
26357 
23.460 
20351 
17.298 
14.624 
112422 
8.599 

52902 
22978 
34.2672 
34.484 
31.631 
29 2563 
252937 
24.001 
20.329 
17.287 
14.327 
11.454 

8.259 

Del 

2-291 
35007 
32.297 
292240 
262325 
23450 
20-294 
1723541 
14.416 
11.278 

8.261 

52215 

22502 
34.746 


Table 16. 


Velocities of sound from Younglove [107] 


Density 
kg/m 


686-49 
684.84 
683 45 
682.10 
680 »83 
679.57 
676.08 
674.83 
67329 
672-200 
670236 
668.85 
667246 
665 682 
662.61 
659029 
658.06 
656.88 
655627 
6536735 
652.04 
650.19 
648. 53 
646-67 
644.62 
642.77 
640.96 
638.95 
640.69 
640.58 
638-80 
63735 
635612 
633 085 
631632 
629017 
627.03 
624.88 
622 42 
619-96 
617259 
623.25 
62] «32 
61910 
616692 
614.71 
612.21 
609.279 
607.31 
604.55 
601.79 
598.88 
59619 
605.29 


(Continued) . 
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Vele of Sound, m/s 


expt 


1839.5 
1825.1 
1813.0 
1801.6 
1790.6 
177925 
1788.3 
1777-8 
1764.7 
175307 
1739.5 
1726.9 
1715.01 
1701.20 
1673-7 
1645.61 
1674.7 
1664.7 
1651 3 
1638.4 
1624.0 
1608.5 
1593.2 
1579.4 
1562-0 
154662 
153126 
1514.5 
1568.8 
156961 
1554.5 
1542.6 
1524.4 
151329 
1493.4 
147567 
1458.2 
1440.7 
1420.4 
1400.2 
1380.8 
1468-0 
1452.6 
1434.9 
141726 
1400.0 
1380.2 
1361.1 
1341.3 
1319.3 
1297.4 
1274.4 
1252.9 
1366.8 


calc 


1748.4 
173461 
1722.1 
1710.5 
1699.7 
1688.9 
171329 
1703-0 
1689.6 
1678.5 
1664.4 
1651.4 
1639.5 
1625.5 
1598.4 
1570.6 
1614.5 
1604.5 
1590.9 
1577.9 
1563.7 
1548.2 
1532.7 
1518.9 
1502.0 
1486.7 
1471 9 
1455.4 
1522.8 
1521.9 
15072 
1495.3 
1477.0 
1466.5 
1446.1 
1428.7 
1411.4 
1394.2 
1374.5 
1354.9 
1336.1 
1432.6 
1417.4 
1399.8 
1382.5 
136561 
1345.5 
132625 
130762 
1285.8 
1264.5 
1242.3 
1221, cH7 
1341.5 


Diff. 
3 


oe ¢ © 


ODOC DOUOODMDMANNYNYNAAUNVIHAPWWWWWrn dr 
NNOGCONOUFOUWUHFFHFKAINWARPOBRHAUNALO 


WEA RPAWWWWNnNnWPPAFPHFAHFHPUUUUYUY 


° 2 
3.10 
3.14 
3216 
320 
3 223 
3.27 
3228 
3.31 
3.53 
3.34 
3.34 
3255 
2047 
2249 
2.51 
2.54 
256 
2258 
2.60 - 
2.60 
2-60 
2.60 
259 
2256 
1.89 


Number of 


Temp. 
K 


240.00 
240.00 
240.00 
240.00 
240.00 
240.00 
240.00 
240.00 
240.00 
240.00 
240.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260-00 
260.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
280.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 
300.00 


data points of Younglove [107] = 162; rms deviation = 3.91%. 


Pressure 
MPa 


32.790 
29.186 
262744 
23.703 
20-621 
18.127 
14.415 
11.607 
8.064 
5-102 
22345 
35-2001 
32-123 
29.341 
26676 
26220 
23.713 
20.287 
17.384 
14.786 
112579 
5 843 
2.867 
34 560 
32.136 
29.397 
26.226 
232573 
20.751 
17 .696 
13.668 
11.297 
8.576 
52555 

1.922 
34.752 
312349 
29.489 
28 2732 
25-2120 
24.397 
22.137 
20.804 
19.782 
172730 
17.569 
14.537 
14.149 
11-832 
11-200 
9.608 
8.167 

52831 
5 2504 
3.189 


Table 16. 


Velocities of sound from Younglove [107] 


Density 
kg/m> 


603-72 
600.73 
598.63 
595.94 
593.10 
590.72 
587.03 
584.09 
580.20 
57675 
573 238 
587.63 
584.98 
582.52 
579.68 
57922 
576.63 
572 693 
569 263 
566 .53 
562 » 50 
554.60 
550-07 
569.15 
566.58 
56357 
559.91 
556 269 
553-10 
548.99 
543.14 
539.43 
534.88 
529.40 
522203 
551.10 
546.935 
544.55 
543.55 
538-61 
537257 
534.23 
532.18 
530.57 
527-20 
526.93 
521.59 
520.87 
516-40 
515.12 
511-78 
508.57 
502.97 
502.14 
495.86 


(Continued). 
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Vel. of Sound, m/s 


expt 


1354.8 
1332.0 
1316.0 
1295.4 
127329 
1255.7 
1227 4 
1205-3 
117567 
1149.6 
1123.7 
1273 8 
1254.5 
123561 
1215.7 
1212.3 
1193.4 
1166.5 
1142.7 
1120.1 
1091.5 
1034.5 
1001.4 
1181.5 
1163.4 
1142.6 
1117.3 
1095.3 
1070.5 
1042.4 
1002.4 
977.5 
946.8 
910.0 
860.1 
1098.2 
1071.2 
1055.7 
1049.0 
101722 
1010.4 
989.1 
976.0 
9656/7 
944.2 
942.3 
908.5 
904.0 
87602 
868.4 
847 4 
827.6 
792.25 
78725 
74826 


calc 


1329.4 
1306.6 
1290.6 
1270.2 
1248.9 
1231.0 
1203.4 
1181.6 
1152.9 
1127.6 
1103.0 
1256.0 
1236.5 
121761 
1197.9 
1194.6 
1175.9 
1149.3 
1125.7 
1103.8 
1075.4 
1020.3 
989.0 
1168.6 
1150.7 
1129.8 
1104.6 
10826 
1058.2 
1030.5 
991.5 
967.0 
937.2 
901.6 
854.35 
1089.2 
1061.7 
1046.1 
1039.6 
1007.7 
1001.0 
979.7 
966.7 
956.5 
935-3 
933 6 
900.4 
896.0 
868.5 
860.7 
840.4 
821.1 
787.7 
782.7 
745.7 


Table 16. (Continued). 


Saturated liquid velocities of sound from Younglove [107] 


Tempe Pressure Density Vel. of Sound, m/s Diff. 
K MPa kg/m5 expt calc 
90.000 °96855E-09 728.67 2106.2 1994.6 5-30 
100.000 ©25139E-07 718.44 203726 1925.7 549 
110.000 234511E-06 708.26 1969.2 1860.0 5-54 
120-000 °29481E-05 698.12 1900.8 1796.7 5-48 
130.000 e 17534E-04 687.99 1832.6 1735.0 5252 
140.000 » 78671E-04 677.87 1764.9 1674.6 5212 
150-000 °28235E-05 667.72 1697.4 1614.9 4.86 
160.000 »84700E-03 657-51 1630.3 1555.8 4.57 
170.000 °21959E-02 647.23 1563.3 1497.0 4.24 
180.000 e 50497E-02 636-85 1496.5 1438.3 3.89 
190.000 °10512E-01 626.33 1430.0 1379.7 3252 
200-000 °20135E-01 615.66 1364.4 1320.9 3.19 
210.000 oS 5944E-01 604.78 1298.5 1261.9 2282 
230.000 °96633E-01 582.27 116761 1142.8 2.09 
250.000 021785E+00 558.44 1036.5 1021.8 1.42 
260-000 ° 31060E+00 545.88 971.6 960.4 1.16 
270-000 043042E+00 5326/8 905.4 898.5 °/9 
290.000 e 76931E+00 504.56 77501 77125 047 


Number of saturated liquid data points of Younglove [107] = 18; rms deviation = 4.02%. 


Saturated liquid velocities of sound from Rao [72] 


Temp. Density Vel. of Sound, m/s Diitfatie 
K kg/m> expt calc % 
140.000 677.87 1528 1674 -9.52 
145.000 672.80 1499 1644 -9.71 
150.000 667.72 1469 1614 -9.91 
155.000 662.62 1439 1585 -10.13 
160.000 657251 1409 1555 -10.37 
165.000 652.38 1379 1526 -10.62 
170.000 647.23 1350 1496 -10.89 
175.000 642.06 1320 1467 -11.17 
180.000 636-85 1290 1438 -11.47 
185.000 631-61 1260 1409 -11.78 
190.000 626.33 1230 1379 -12.10 
195.000 621.02 1200 1350 -12.44 
200-000 615.66 1171 1320 -12.79 
205.000 610.25 1141 1291 -13.16 
210.000 604.78 aleve 1261 -13.54 
215.000 599.26 1081 1232 -13.93 
220.000 593.67 1051 1202 -14.33 
225.000 588.01 1021 ushe/72 -14.75 
230-000 582.27 992 1142 -15.18 


Number of data points of Rao [72] = 19; mean deviation = 11.99%. 
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Table 166. (Continued). 


Velocities of sound from Lacam [60] 


T = 298.15 K 

Pressure Density Vel. of Sound, m/s DIff. 

MPa kg/m expt calc 
1.0135 492 225 724 119 059 
220265 495.35 742 737 055 
3.0398 498.28 758 755 238 
4.0530 501.05 774 771 232 
4.3570 501.85 778 776 222 
5 »0665 503 68 790 787 055 
620795 506.19 804 802 222 
720928 508.59 819 316 228 
861060 510.90 833 830 28 
9.1195 513212 847 844 254 
10.1325 515225 860 857 055 
12.6656 520.28 893 888 256 
15.1988 524.953 924 916 o/7 
17.7319 529.26 953 944 294 
20.2650 DSO SY 979 969 094 
25 033135 540.77 1017 1017 -.05 
30.3975 547.249 1070 1061 81 
35-4638 553-63 1110 1102 0/2 
40.5300 559250 1146 1140 032 
50.6625 569.51 1214 1209 255d 
60-7950 578254 1275 272 oil ir 
70.9275 586-68 1331 1330 202 
81-0600 594.10 1384 1384 -.05 
91.1925 600.93 1432 1434 -.18 
101.3250 607.28 1482 1481 oO] 

Ti =" 525%. 151K 

| 2.0265 450.11 552 558 Hig 723) 
3.03598 45539 581 585 -./8 
4.0530 460.12 608 609 -.28 
4.3570 461.45 615 616 225 
| 5 00665 464.42 632 631 oO1 
60795 468.38 652 652 -.08 
| 720928 472.06 672 671 02 
821060 475.49 695 690 °/0 
9.1195 478.75 709 707 023 
| 10.1325 481.78 VAT 2) 043 
| 12.6656 488.76 766 761 052 
15.1988 495.01 803 796 -/8 
1727319 500.68 834 828 065 
20.2650 505.88 864 858 265 
25.5515 515.18 918 912 256 
30.3975 523-37 966 963 043 
35.4638 530-71 1011 1006 243 
40.5300 537637 1052 1048 237 
50.6625 549.17 1126 1123 224 
60.7950 559.43 1192 1190 012 
7029275 568.54 252 1251 202 
81-0600 576077 1308 1308 -.02 
91.1925 584.29 1360 1360 -.06 
101.3250 591.22 1408 1410 Teil 
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Pressure 
MPa 


1.0133 
220265 
320398 
4.0530 
4.3570 
5 ©0663 
6.0795 
729928 
Be 1060 
9.1193 
10.1325 
12.6656 
15.1988 
sf 3i9 
20.2650 
25253135 
3023975 
35 64638 
4025300 
50.6625 
6027950 
7029275 
81.0600 
91.1925 
101 3250 


1.01533 
220265 
3.0398 
4.0530 
423510 
5 06635 
620795 
720928 
8.1060 
9.1195 
10.1325 
12.6656 
15.1988 
17.7319 
202650 
25235315 
303975 
35 24638 
40.5500 
50.6625 
60.7950 
7029275 
81.0600 
91.1925 
101.3250 


Table 16. (Continued). 


Velocities of sound from lLacam [60] 


Density 
kg/m 


14.50 
31257 
51.77 
78.25 
88.18 
M7655 
134.72 
255072 
297.88 
322.88 
340.13 
368.33 
388.02 
402.65 
414.55 
433-245 
448.32 
460.59 
471 31 
489.04 
503-61 
516.04 
526.93 
536.65 
54544 


13.46 
28259 
45.87 
66015 
73-02 
90.88 
122.17 
161-20 
203.00 
239-42 
268.58 
31659 
345.24 
36556 
381 226 
404.99 
422.89 
437.37 
449.59 
469.59 
485.72 
499.33 
511.14 
521.61 
53102 


T = 398.15 K 


Vel. of Sound, m/s 


expt 


266 
251 
254 
212 
205 
192 
182 
223 
273 
3138 
356 
433 
493 
542 
589 
661 
725 
788 
827 
914 
990 
1056 
Uses 
1174 
1226 


T = 423.15 K 


277 
265 
252 
238 
233 
223 
213 
211 
218 
243 
215, 
352 
415 
463 
5D 
597 
660 
716 
Ue! 
854 
931 
1000 
1064 
1124 
1180 
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calc 


271 
255 
237 
216 
209 
192 
1383 
214 
262 
306 
344 
420 
480 
531 
DID 
650 
714 
770 
820 
909 
986 
1055 
1118 
1175 
1229 


282 
269 
255 
241 
251, 
226 
213 
209 
220 
242 
268 
341 
405 
459 
506 
587 
654 
713 
765 
857 
937 
1007 
107] 
1130 
1185 


Diff. 
i 


-| 099 
-1.66 
-1.56 
-1.97 
-2 08 
-.51 
-./0 
3.61 
3.78 
355 
3017 
2.80 
2245 
1.96 
2.51 
1.57 
1.18 
2222 
/4 
249 
054 
205 
-.09 
-.14 
-.27 


-|.81 
-1.61 
-1.55 
-1.49 
-| 0/4 
-1.60 
-.51 
280 
-| 014 
«40 
2.28 
3207 
238 
1.80 
1.56 
1.63 
081 
056 
-1 018 
-.45 
-.65 
-./6 
-./2 
-.5/7 
-.43 


Pressure 
MPa 


1.0133 
2.0265 
30398 
4.05350 
4.3570 
5 ©0665 
620795 
7.0928 
8.1060 
9.1193 
10.1325 
12.6656 
15.1988 
1727319 
20.2650 
2525315 
30.3975 
35-4638 
40.5300 
50.6625 
60. 7950 
70.9275 
81.0600 
91.1925 
101.3250 


1.0133 
220265 
3.0398 
4.0530 
4.3570 
5 0665 
6.0795 
720928 
8.1060 
9.1193 
10.1325 
12.6656 
15.1988 
1727319 
20-2650 
2523313 
303975 
35 4638 
40.5300 
50.6625 
60.7950 
7029275 
81.0600 
91.1925 
101-3250 


Table 16. (Continued). 


Velocities of sound from Lacam [60] 


Density 
kg/m 


12.58 
26.37 
41.59 
58059 
64.10 

77.84 
99.93 
125.23 
153.227 
182.12 
209.26 
263-268 
301 213 
327255 
347246 
37653 
397.69 
414.41 
428.28 
450.60 
468.32 
483.10 
495 .82 
507.03 
517206 


11.82 
24.55 
3827 
53-13 
57.84 
69.34 
87.08 
106.50 
127.46 
149.44 
171.54 
221-58 
261-01 
291.23 
314.61 
348.69 
373209 
392.05 
407.57 
432.19 
451.47 
467.39 
481.01 
492.93 
503 56 


T = 448.15 K 


Vel. of Sound, m/s 


expt 


287 
275 
262 
250 
247 
241 
236 
234 
235 
238 
247 
304 
364 
417 
463 
540 
608 
667 
720 
810 
888 
958 
1022 
1082 
1138 


T = 4735.15 K 


299 
290 
280 
271 
269 
264 
259 
256 
255 
256 
261 
291 
SDI 
380 
424 
500 
564 
621 
674 
767 
846 
916 
980 
1040 
1096 


149 


calc 


292 
281 
271 
260 
257 
250 
240 
235 
252: 
239 
252 
298 
352 
404 
451 
533 
603 
663 
ZANT) 
811 
892 
964 
1029 
1088 
1144 


301 
293 
284 
276 
274 
268 
261 
255 
252 
258 
258 
288 
327 
369 
412 
49} 
560 
621 
676 
771 
852 
925 
991 
1051 
1107 


Pressure 
MPa 


1.0133 
220265 
30398 
4.0530 
4.3570 
5 «0663 
620795 
720928 
8.1060 
921193 
10.1325 
12.6656 
15.1988 
1727319 
20.2650 
2523313 
3023975 
35.4638 
40.5300 
50.6625 
60-7950 
7029275 
81.0600 
91.1925 
101.3250 


Number of data points of Lacam [60] 


Table 16. (Continued). 


Velocities of sound from Lacam [60] 


Density 


kg/m3 


11.16 
23.00 
35256 
48.90 
532907 
63.10 
78025 
94.57 
111.42 
129.17 
147.28 
190.99 
228 «54 
259 38 
284.50 
322227 
349 250 
37053 
387.62 
414.44 
435022 
452.25 
466.73 
479.34 
490.54 


= 174; 


T = 498.15 K 


Vel. of Sound, m/s 


expt 


308 
301 
295 
288 
287 
282 
278 
274 
273 
273 
275 
293 
326 
360 
395 
465 
529 
586 
640 
734 
814 
885 
948 
1009 
1065 


mean deviation 


150 


calc 


310 
303 
296 
290 
288 
284 
278 
274 
271 
270 
272 
290 
319 
355, 
389 
461 
D2, 
587 
641 
736 
818 
891 
957 
1017 
1074 


i 
e° 
(2) 
Oo 


Temp e 
K 


505-514 
310.000 
318.000 
326-000 
3534-000 
342.000 
350.000 
358.000 
566-000 
374.000 
382.000 
390.000 
398.000 
406.000 
414.000 
422.000 
430.000 
438-000 
446.000 
454.000 
462.000 
470.000 
478.000 
486.000 
494.000 
502.000 
510.000 
518.000 
526-000 
534.000 
542.000 
550.000 
558.000 
566.000 
574.000 
582.000 
590.000 
598-000 
606.000 
614.000 
622.000 
630.000 
638-000 
646.000 
654.000 
662 .000 
670-000 
678.000 
686.000 
694.000 


Pressure 
MPa 


1.1433 
1.1704 
1.2178 
1.2644 
1.3102 
1.3555 
1.4004 
1.4449 
1.4890 
1.5328 
1.5764 
1.6197 
1.6629 
1.7059 
1.7487 
1.7913 
1.8538 
128762 
1.9185 
1.9607 
220028 
220448 
220867 
2.1286 
221703 
222120 
222537 
222953 
25368 
23783 
224197 
224611 

25024 
225437 
225850 
226262 
22.6674 
2.7085 
227496 
2.7907 
228318 
2.8728 
2.9138 
229548 
229957 
320366 
3.0775 
321184 
321593 
3.2001 


Table I7.e 


Calculated P(T) isochores of propane. 


Propane !sochore at 25 kg/m 


219592 
»80096 
231244 
082279 
083222 
°84086 
284882 
285620 
- 86306 
°86946 
87546 
288108 
288637 
289136 
289607 
°90052 
° 90475 
°90876 
091257 
091621 
291967 
092297 
092613 
092915 
° 93204 
095481 
093747 
294002 
094247 
094483 
94719 
094929 
095139 
095542 
° 95538 
095727 
295910 
°96087 
296258 
296423 
° 96583 
°96 738 
296889 
097034 
097175 
097312 
097446 
097575 
297700 
097822 


| sotherm 
Der Ivative 
MPa*m3/kg 


203402 
203544 
203782 
004016 
204238 
004455 
04667 
04876 
205081 
205285 
005483 
»05680 
205876 
206071 
06263 
206455 
°06645 
06834 
°07023 
°07210 
007396 
007582 
007/67 
°©07952 
208135 
008319 
08501 
008684 
° 08865 
209047 
2°09228 
09408 
209588 
209768 
009947 
210127 
2° 10305 
10484 
» 10662 
210840 
211018 
011196 
11373 
°11550 
011727 
11904 
212080 
012257 
012433 
e 12609 
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lsochore 
Derivative 
MPa/K 


»00608 
»00599 
200587 
200577 
200570 
00563 
200558 
000554 
00550 
00546 
000543 
200541 
200538 
290536 
000534 
200532 
200531 
00529 
200528 
200527 
200526 
200524 
200523 
000523 
° 00522 
200521 
200520 
00519 
200519 
000518 
00518 
000517 
00516 
200516 
°00515 
200515 
00515 
000514 
000514 
000513 
000513 
200513 
000512 
000512 
000512 
200511 
200511 
200511 
200511 
00510 


Isochore 
Curvature 
MPa/K 2 


-.0000228 
~ 00001 83 
-.0000135 
~.- 00001 06 
- -0000086 
-.0000072 
- 0000061 
- 0000052 
~ 0000045 
- 0000040 
-~»0000035 
- 0000032 
- 20000028 
- 0000025 
- 0000023 
- 0000021 
--0000019 
~-.0000018 
- .0000016 
0000015 
-.0000014 
-.000001 3 
--0000012 
-.000001 1 
- 0000010 
-.000001 0 
- 0000009 
- «0000009 
- -0000003 
-.0000008 
- 0000007 
- 0000007 
- 0000007 
-» 0000006 
- 0000006 
- 0000006 
- 0000005 
- 0000005 
- 0000005 
- 0000005 
- 0000004 
- 0000004 
- 20000004 
-- 0000004 
- -0000004 
--0000004 
- 0000004 
-» 0000005 
- -0000003 
-.0000003 


Tempe 
K 


3332423 
334.000 
342.000 
350-000 
358-000 
366.2000 
3742000 
382 .000 
390.000 
398.000 
406.000 
414.000 
422.000 
430.900 
433.000 
446.000 
454.000 
462.000 
470.900 
478.000 
486.000 
494 .000 
502.000 
510.2000 
5182000 
526-000 
534.000 
542.000 
550.000 
558-000 
566.000 
574.000 
582.000 
590 -000 
598-000 
606-000 
614.000 
622-000 
6302000 
638-000 
646.000 
654.000 
6622000 
670.000 
678.000 
686.000 
694.000 


Pressure 
MPa 


201277 
2.1358 
22463 
225534 
2.4581 
225609 
2.6621 
22/620 
2.8608 
229586 
320556 
321518 
322474 
3.3423 
34368 
325307 
326242 
327175 
3.8100 
329024 
329945 
4.0863 
4.1777 
42690 
4.3600 
4.4508 
4.5413 
4.6317 
4.17219 
4.8119 
4.9018 
4.9914 
520810 
501704 
522596 
503487 
504577 
55266 
5 26154 
5/041 
51926 
5.8811 
5 9694 
6.0577 
621459 
602339 
625219 


Table 17.2 (Continued). 


Propane Isochore at 50 kg/in? 


!sotherm |sochore |sochore 
Z Derivative Derivative Curvature 
MPasm3/kg MPa/K MPa/K 

06 7690 02371 091412 -.0000819 
067851 202395 201408 -.0000787 
°69670 °©92707 2001357 =.0000511 
2/1324 202996 001322 - 0000377 
«72832 203269 201296 -.0000297 
274218 093553 2001274 =.0000243 
o/ 550K 203789 201256 - 0000203 
° 16694 004039 001241 =.00001 74 
277808 204283 201229 -.0000150 
° 78851 004524 201217 -.00001 32 
2/9831 04760 201207 =.0000116 
080754 004994 201199 -.00001 04 
°81625 205225 201191 =.0000093 
082449 005453 001184 -. 0000084 
283230 005679 001177 =.0000076 
083971 005904 oO1171 -.0000069 
2 84676 206126 001166 -.0000063 
285348 006347 001161 =.0000058 
285988 206566 001157 -.0000054 
286599 °06784 091153 -.0000050 
°87182 e07001 001149 = 20000046 
087741 007217 001145 -.0000043 
288276 ©07432 2001142 -.0000040 
088789 ©07645 001139 - 0000037 
289281 -07858 001136 -.0000035 
2089754 08070 O1135 -.0000033 
290209 008281 001131 =.0000031 
290646 08491 201128 -.0000029 
291067 208701 201126 =.0000028 
091472 008910 201124 -.0000026 
291863 009118 sO Z2 - 0000025 
92240 209326 201120 -.0000023 
292604 009533 ©01118 -.0000022 
092955 009740 001117 -.0000021 
© 93295 209946 001115 = .0000020 
093623 210152 201113 =. 0000019 
093941 ° 10357 001112 -.9000019 
094249 219562 001110 -.0000018 
094546 © 10766 201109 = .0000017 
94835 10970 001108 -.0000016 
095114 011173 001106 -.0000016 
295386 ed SF: 001105 -.0000015 
095649 °11579 001104 -.0000015 
095904 e11782 201103 -.000001 4 
96152 11984 201102 = .0000014 
°96393 012185 201101 -.0000013 
2 96626 «12387 ©01100 -.0000013 


152 


Tempe 
K 


358.586 
366.000 
374.000 
382.000 
390.000 
398.000 
406.000 
414.000 
422.000 
430.000 
438.000 
446.000 
454.000 
462 .000 
470-000 
478.000 
486.000 
494 .000 
502.000 
510.000 
518-000 
526.000 
534.000 
542.000 
550.000 
558.000 
566-000 
574.000 
582-000 
590.000 
598.000 
606-000 
614-000 
622-000 
630-000 
638 -000 
646.000 
654.000 
662.000 
670.000 
678.000 
686.000 
694.000 


Pressure 
MPa 


324591 
327013 
3.9519 
4.1957 
4.4344 
4.6692 
4.9007 
521294 
53558 
525801 
5 28026 
6.0235 
602429 
6.4611 
6.6780 
6.8938 
7.1086 
7635225 
725355 
707477 
729592 
8.1700 
8.3801 
825896 
8.7985 
9.0069 
9.2147 
9.4220 
9.6289 
9.8553 
10.0413 
10.2468 
10.4520 
10.6568 
10.8612 
11.0652 
11.2690 
1124724 
11.6754 
11.8782 
12-0807 
12.2829 
12.4848 


Table 17. (Continued). 


Propane |Isochore at 100 kg/m? 


lsotherm |sochore |sochore 
Z Der lvative Derivative Curvature 
MPasm3/kg MPa /K MPa/K 2 

251162 00877 203366 -.0003702 
053634 201224 203190 -.0001643 
© 56042 201558 03085 -.0001056 
058253 201875 003013 -.0000780 
260304 202182 202957 -.0000617 
262220 202481 02913 ~-.»0000507 
264018 «02776 «02876 -.0000428 
065712 203067 202844 ~.0000368 
°67311 203355 02816 -.0000321 
268826 203640 202792 - 20000283 
° 70263 203922 02771 - 0000253 
°/1629 204202 002752 -.0000227 
«72930 04481 202734 - 20000205 
0/4171 004758 002719 ~.0000187 
© 15357 205033 «02704 -.0000171 
e 7/6490 205307 02691 -.0000157 
oliays 05580 202679 -.0000145 
°78615 205851 202668 -.00001 35 
2/9613 206122 002658 -.0000125 
80571 06391 202648 -.0000117 
281492 06660 202639 -.0000109 
282378 206928 202630 -.0000103 
283231 007195 202622 - 0000097 
084052 207461 02615 - 0000091 
284844 ©07726 02608 -.0000086 
85608 007991 202601 -.0000082 
286345 08254 202595 -.0000078 
°87058 008518 202589 ~.0000074 
28/7746 08780 202583 - 0000071 
088412 009042 202577 -.0000068 
289056 209304 302572 - 20000065 
089679 209565 202567 = .0000062 
290283 209825 202562 - 0000060 
90868 210085 202557 -.0000057 
2091435 10344 202553 -.0000055 
091985 210603 202549 ~.0000053 
292518 10861 202544 -.0000051 
293036 e11119 002540 -.0000049 
293538 011376 202537 - 0000048 
294027 011633 202533 -. 0000046 
94501 11889 °02529 -.0000045 
294962 212145 202526 -.0000044 
095411 012401 202522 -.0000042 


5S 


Tempe 
K 


367-611 
374.000 
382.000 
390-000 
398.000 
406-000 
414.000 
422.000 
430.000 
438.000 
446.000 
454.000 
462.000 
470-000 
478.2000 
486.000 
494.000 
502-000 
510.000 
518.000 
526-000 
534.000 
542.000 
550.000 
558.000 
566-000 
574.000 
582 «000 
590.000 
598.000 
606-000 
614.000 
622.000 
630.000 
638-000 
646.000 
654.000 
662 000 
670.000 
678.000 
686 -000 
694.000 


Pressure 
MPa 


420763 
4.4144 
4.8217 
522201 
526123 
529999 
6 03837 
6.7643 
71421 
725176 
728909 
8.2624 
8.26321 
920003 
9.3669 
927323 
10.0964 
10.4593 
10.8212 
11-1820 
11.5418 
11.9007 
12.2587 
12.6159 
12.9722 
13-3278 
13.6826 
14.0368 
14.5902 
14.7429 
15.0950 
1524465 
1527974 
1621476 
16.4973 
16-8465 
17-1950 
1725431 
17.8906 
18.2376 
18.5841 
18.9302 


Table 17. (Continued). 


Propane Isochore at 150 k g/in? 


lsotherm lsochore lsochore 
Ze Derivative Derivative Curvature 
MPaem3/kg MPa/K MPa/K2 

2 39207 00180 05500 -.0014623 
041733 200465 005172 =. 0002530 
©44630 ©00795 205027 =.0001 355 
047326 001124 004937 -.0000942 
249859 001452 04871 - 0000 725 
oD2252 001781 204819 -.0000588 
© 54520 002111 °04776 - .0000494 
056675 00244) 004740 -.0000425 
258728 02771 04708 - .0000372 
60686 203103 04630 -.0000331 
062557 003434 004655 -.0000297 
064348 003766 204632 -.0000269 
266063 04098 004611 -.0000246 
067708 2004430 204593 -.0000226 
69287 204762 004575 -.0000210 
» 70805 005094 004559 -. 00001 95 
e 1/2264 205426 04544 -.0000182 
° 7/3669 005759 204530 -.00001 71 
° 75022 206090 204516 =.0000162 
1/6326 206422 004504 =.0000153 
°77584 006754 04492 -.0000145 
278798 °07086 004481 -.00001 38 
2/9970 007417 «04470 = 20000132 
81103 007748 204459 -.00001 26 
°82199 08079 ©04450 -.00001 21 
083258 °08409 204440 -.0000117 
284283 208739 04431 =.0000112 
°85276 ©09069 004422 -.0000108 
° 86238 009399 °04414 -.0000105 
287170 009728 004405 -.00001 01 
88073 © 10057 °04397 =.0000098 
88950 ° 10385 204390 -.0000095 
89800 010713 04382 -.0000093 
90626 °11041 2004375 -.0000090 
091427 11368 04368 -.0000088 
°92206 11695 004361 -. 0000086 
©92963 12022 ©04354 -.0000084 
93698 012348 204347 -.0000082 
094413 12674 204341 - 0000080 
95109 e 12999 004335 -. 0000078 
095786 13324 04328 -.00000 76 
096445 213648 004322 -.0000075 


154 


Temp 
K 


369.794 
374 .000 
382.000 
390-000 
398.000 
406.000 
414.000 
422.000 
430.000 
438-000 
446.000 
454.000 
462.000 
470-000 
478.000 
486.000 
494.000 
502.000 
510-000 
518-000 
526.000 
534.000 
542.000 
550.000 
558-000 
566-000 
574.000 
582 000 
590.000 
598-000 
606.000 
614.000 
622.000 
630-000 
638-000 
646.2000 
654.000 
662-000 
670-000 
678-000 
686-000 
694 .000 


Pressure 
MPa 


4.2430 

4.5495 
521241 

526941 
62611 

628258 

75886 

729499 
8.5097 

9.0681 
926254 
10.1815 
10.7365 
11.2904 
11.8434 
12.5953 
12.9464 
13.4964 
14.0456 
14.5939 
1521413 
15-6879 
1622535 
16-7784 
1723224 
1728656 
18.4080 
138.9496 
19.4904 
20203505 
2025697 
21 21082 
21.6459 
22.1829 
22.7191 
232545 
23.7893 
24.3233 
24 68566 
253892 
25-9210 
2624522 


Table 17. (Continued). 


Propane |sochore at 200 kg/m 


!sotherm |sochore |sochore 

th Derivative Derivative Curvature 
MPaem3/kg MPa/K MPa/K 2 

2530427 » 00004 007494 -.0161073 
232258 2001 70 °©07229 ~.0001647 
035571 200519 °07148 -.0000681 
238717 200887 007104 -.0000454 
eAITI7T 201266 207072 -.0000350 
°44583 001655 207047 -.0000290 
047327 202050 ©07025 -.0000252 
249957 202450 207006 -.0000225 
252479 02855 e06989 -.0000206 
054902 203263 006973 -.00001 91 
057231 203675 206958 -.0000180 
059470 204089 06944 -.00001 71 
261626 °04505 06931 -.0000164 
263703 004923 206918 -.0000158 
065704 005343 206906 - 0000153 
06/7634 005764 »06894 -.00001 49 
069497 «061 86 206882 -.0000145 
2/1295 206610 206870 -.00001 42 
e 73032 207034 206859 -.00001 39 
7/4711 007458 206848 -.00001 37 
» 16335 007884 ©06837 -.0000135 
°77905 208309 °06826 -.00001 33 
279425 °08735 006816 -.00001 31 
80897 009161 06805 - 200001 29 
282323 2009587 206795 - 0000128 
283704 2° 10014 006785 -.00001 26 
°85043 210440 206775 - 0000125 
286342 e 10866 °06765 -.00001 24 
87602. 011293 °06755 -.00001 23 
2088825 °11719 °06745 -.00001 21 
©90012 012145 206736 -.00001 20 
91165 212570 06726 -.0000119 
292285 12996 °06717 -.0000118 
093373 013421 006707 -.0000117 
094431 213845 06698 -.0000116 
©95460 14270 06689 -.0000115 
96460 214694 206680 -.0000114 
097434 15117 006671 -.0000113 
298381 215540 06662 -.0000112 
99303 215963 206653 -.0000111 
1.00201 e 16385 06644 -.0000110 
1.01076 216807 206635 -.0000109 


Table 17.2 (Continued). 


Propane |sochore at 220.486 kg/in 


| sotherm Isochore |sochore 
Temp e Pressure Z Derivative Derivative Curvature 
K MPa MPaem3/kg MPa /K MPa/K 

369.2850 4.2475 027625 0.00000 208113 - «0000000 
374.000 4.5841 029484 000173 008112 -- 0000007 
382-000 52331 232953 200554 °08111 - .0000020 
390.000 5.8819 056278 290958 208109 -.0000031 
398.000 665306 ° 39469 001378 °03106 -.0000041 
406.000 721789 042533 201808 008103 -.0000051 
414.000 78270 045477 092247 - 08098 - .0000059 
422.000 Be4747 248306 002692 208095 - 0000067 
430-000 9.1219 251028 003143 208088 - 0000074 
438.000 9.7687 053648 003598 208081 -. 0000080 
446.000 10.4149 056171 204057 208075 - 0000086 
454.000 11.0606 058605 004519 08068 - 0000091 
462-000 11-7057 260947 04984 °08060 - .0000096 
470.000 12.3502 063208 205452 208052 - 00001 00 
478.000 12.9941 265390 005921 208044 -.0000104 
486-000 13.6373 067497 206392 208036 - 20000107 
494.000 14.2798 069533 206854 208027 - .0000110 
502.000 14.9216 e71500 207338 208018 - 00001 13 
510.000 15.5627 273402 007813 ° 08009 - 20000115 
518.000 16 «2030 015242 208288 298000 -.0000118 
526 000 16.8426 e 77022 208764 207990 -.0000119 
534.000 1724814 °/8746 209241 207981 ~-.00001 21 
542.000 18.1195 280416 209718 207971 - 0000122 
550-000 18.7568 082053 010195 007961 -.00001 24 
558000 19.3932 »83601 ° 10673 007951 -.00001 25 
566.000 20.0289 085121 011151 007941 -.- 00001 26 
574.000 20-6638 °86595 °11629 2907931 - 20000126 
582 2000 21.2979 288025 212106 007921 - 00001 27 
590.000 21.9311 089413 212584 007911 - 0000127 
598.000 22.5635 290761 e 13061 207900 - 00001 28 
606-000 2321952 ° 92070 213539 207890 - 0000128 
614.9090 238260 093342 214016 007880 -.00001 28 
622-000 24.4560 294578 214492 207870 -.0000128 
6350-000 2520851 095779 14969 207859 - 00001 28 
638-000 2527135 296947 015445 007849 - 20000128 
6462000 26-3410 098083 ° 15920 0078359 ~. 00001 28 
654.000 26.9677 °99188 ° 16396 207829 -.0000127 
662-000 27 5936 1.00264 ° 16870 007819 - 00001 27 
670.000 28-2187 1.01311 01 7344 °07808 - 20000127 
678-000 28 «8430 1.02330 217818 207798 -.00001 26 
686.000 29-4664 1.03323 ° 18291 207788 - 20000126 
694 2000 30.0891 1.04290 018764 007778 --00001 25 


156 


Tempe 
K 


369676 
374.000 
382-000 
390 -900 
398.000 
406.000 
414.000 
422.000 
430.000 
438.000 
446.000 
454.000 
462.000 
470.000 
478.000 
486.000 
494.000 
502.000 
510-000 
518.000 
526-000 
534-000 
542-000 
550-000 
558-000 
566-000 
574.000 
582 -000 
590.000 
598 000 
606.000 
614-000 
622.000 
6302000 
638.000 
646.000 
654.000 
662.000 
670.000 
678.000 
686.000 
694.000 


Pressure 
MPa 


4.2336 

4.6430 

524146 
6.1939 
609777 

7.1646 
825559 
923450 
10.1374 
10.9307 
11.7248 
12.5193 
13.3142 
14.1091 
14.9041 
15.6989 
1624935 
17-2878 
18.0816 
18.8750 
19.6678 
20.4600 
2122516 
2220425 
22.8326 
23.6220 
24.4106 
25.1983 
259852 
26.7712 
27.5563 
28 - 3405 
29.1238 
29-9061 
30.6875 
31-4680 
32.2474 
33-0259 
33 68034 
34.5799 
3523554 
3621300 


Table 17. (Continued). 


Propane |sochore at 250 kg/m? 


lsotherm lsochore |Isochore 

Z Der lvative Der lvative Curvature 
MPaem3/kg MPa/K MPa/K2 

224295 °00022 «09181 0104534 
SLOSS 200249 209568 ©0002745 
° 30070 200708 209703 20001114 
2 353692 201193 209773 -0000696 
03/193 © 01695 ©09819 -0000490 
040572 202209 009853 ~0000362 
43833 002733 ©09878 20000272 
46979 ©03264 09897 ©0000205 
°©50014 © 03802 009911 20000152 
052943 004344 209922 ©0000110 
255771 04891 209929 20000075 
058501 205441 009934 9000045 
061137 °05995 009937 0000020 
°©63685 006551 09937 -.0000002 
°66147 °07110 °09936 -.0000021 
268528 ©07670 209934 -.0000037 
e 70831 08232 209930 -.0000051 
2/3058 008795 009926 - 9000064 
0/5215 209359 09920 - 0000075 
°/7302 009924 009914 -.0000085 
219324 » 10490 °09907 = .0000094 
281283 11056 009899 -.0000102 
283182 011622 09890 -.0000109 
285022 012189 09881 -.0000115 
286807 012756 09872 -.0000120 
288539 213323 °09862 -.00001 25 
2 90220 e 13890 ° 09852 - 0000130 
091851 014457 209841 -.00001 33 
© 93435 215024 009831 -.0000137 
°©94973 2 15590 009820 - 00001 40 
© 96468 2016156 09808 -.00001 43 
097921 16721 209797 -.00001 45 
299333 © 17287 °©09785 -.0000147 
1.00706 °17851 009773 -.00001 49 
1.02041 18415 09761 -.0000150 
1.03341 18979 009749 -. 0000151 
1.04605 219542 009737 -.0000152 
1.05836 220104 ©09725 -.0000153 
1207034 220665 209713 -.0000154 
1.08200 021226 09700 -. 0000155 
1.093537 o21 786 09688 -.0000155 
1.10444 © 22346 209675 -.0000155 


IS y/, 


Tempe 
K 


366-998 
374.000 
382.000 
390-000 
398.000 
406.000 
414.000 
422.000 
430-000 
438.000 
446.000 
454.000 
462.000 
470.000 
473-2000 
486.000 
494.000 
502.000 
510-000 
518.2000 
526-000 
534.000 
542.000 
550-000 
558.000 
566 000 
574.000 
582 .000 
590-000 
598-000 
606 -000 
614.900 
622.000 
630-000 
633.2000 
646.000 
654.000 
662-000 
670-000 
678-000 
686.000 
694.000 


Pressure 
MPa 


4.0312 
4.9319 
529914 
720678 
8.1554 
9.2515 
10.3540 
11.4616 
12.5733 
13.6883 
14.8059 
15-9256 
17.0469 
18-1694 
19.2928 
20-4169 
21-5413 
22.6659 
23.7904 
24.9147 
26-0386 
27-1620 
28.2848 
29.4069 
305282 
31.6485 
322/679 
33-8862 
35 0033 
3621194 
3722342 
38 3477 
3924599 
40.5708 
41.6804 
42.7885 
4328952 
45.0005 
46.1043 
4722067 
48.3075 
49.4069 


Table 17.2 (Continued). 


Propane |sochore at 300 kg/in 


|sotherm lsochore lsochore 
Z Derivative Derivative Curvature 
MPaem3/kg MPa/K MPa/K 
°19419 00514 12483 0021808 
023313 201167 2 13096 00004589 
027728 201887 133565 ©0002542 
032038 202614 015533 ©0001 743 
2 36226 ©03349 2 13653 0001296 
040285 004091 013744 00001004 
044214 204839 013816 0000794 
48016 005592 213873 20000635 
251694 06349 13918 20000509 
055250 207109 213955 0000407 
258689 007872 ° 1 3984 0000323 
262014 208637 214007 0000253 
265231 009404 214025 00001 92 
068543 019172 214038 00001 41 
71355 010942 014047 -0000096 
074269 ol t712 214053 -0000057 
277090 212483 214057 0000023 
279822 013254 214057 -.0000008 
- 82468 214025 ° 14055 -.0000034 
085031 014796 214052 -.0000058 
87516 015567 214046 -.0000079 
289924 216338 214039 -.0000097 
292259 17108 014031 -.0000114 
294524 217878 214021 -. 00001 29 
96721 ° 18647 °14010 -.00001 42 
098853 019415 2 13998 -.0000154 
1.00923 220183 e 13985 -.0000165 
1.02933 220949 213972 -.00001 74 
1.04884 e2GnS 213958 - 0000183 
1.06781 °22479 » 13943 =. 00001 90 
1.08623 023243 013927 -.0000197 
1.10414 224005 013911 -.0000203 
Tie 21:55' 024767 ° 13895 - 0000209 
1.13848 629527 ° 13878 -.0000214 
1.15495 ° 26286 » 13861 - 0000218 
1.17098 227043 2 13843 -.0000222 
1.18657 227800 ° 13825 -.0000225 
1620175 228555 e 13807 -.0000228 
1221652 229309 ° 13789 =.0000230 
1223091 230061 o13770 -.0000232 
1.24493 230812 el S75i - 0000234 
1.25858 231562 213733 -.0000236 


158 


Tempe 
K 


3592023 
366-000 
374.000 
382.000 
390-000 
398.000 
406.000 
414.000 
422.000 
430.000 
438.000 
446.000 
454.000 
462.000 
470.000 
478.000 
486.000 
494.000 
502.000 
510.000 
518.000 
526-000 
534.000 
542.000 
550-000 
558.000 
566-000 
574.000 
582.000 
590-000 
598-000 
606-000 
614.000 
622.000 
630.000 
638-000 
646.000 
654.000 
662.000 
670.000 
678-000 
686-000 
694.000 


Pressure 
MPa 


34870 
4.7602 
662518 

727650 
9.2935 
10.8337 
12.5830 
13.9596 
15-5021 
17-0691 
18.6399 
20.2135 
21.7894 
23. 3669 
24.9456 
26-5250 
28.1047 
29.6845 
31.2640 
32 8430 
3424213 
35-9985 
3725747 
39.1496 
40.7230 
42.2949 
43.8651 
45.4355 
4720000 
48.5647 
501272 
51-6877 
53-2461 
54.8023 
56 «5562 
5729079 
59.4572 
61.0043 
62-5489 
64.091 2 
65-6310 
67.1684 
68.7034 


Table 172 (Continued). 


Propane Isochore at 350 k g/im? 


| sotherm lsochore lsochore 

7h Derivative Derlvative Curvature 
MPa» m>/kg MPa/K MPa/K2 

014717 202596 © 17976 -0010206 
°19709 °03639 18469 200051 42 
225530 204771 18796 20003294 
2 30802 005881 19020 20002378 
256109 06980 19186 20001812 
041248 208074 219314 20001 420 
°46218 09164 » 19416 ©0001129 
251022 10251 219497 20000903 
°55665 011335 19561 ©0000 723 
©60152 012418 19613 20000575 
264488 » 13498 © 19654 ©0000451 
°68677 214576 - 19686 ©0000346 
0/2727 © 15653 219710 ©0000257 
1/6642 016727 219727 00001 80 
280427 e1 7800 °19739 20000113 
84088 ~ 18870 © 19745 ©0000054 
087629 19938 019748 ©0000003 
091056 021004 °19746 -.0000042 
©94373 222068 219741 -.0000082 
97584 223129 019733 -.0000117 
1.00694 224188 © 19722 - 0000149 
1.03707 025245 °19709 -.00001 77 
1.06626 226299 219694 -.0000202 
1.09455 027351 °19677 -.0000224 
1.12198 228401 » 19658 -.0000244 
1.14858 2029448 19638 -.0000262 
1.17438 230492 © 19617 -.0000278 
1.19942 051554 219594 =.0000292 
1.24731 03561 1 219545 -.0000316 
1.27022 0534645 °19519 - 0000326 
1.29247 0355677 © 19493 -.0000335 
1.31409 256706 o 1 9466 -.0000342 
1635510 OS 1/ 7/55) 19438 -.0000349 
1.35553 258758 219410 - 0000356 
1.37538 0539779 219381 -.0000361 
1.39469 240799 © 19352 - 20000366 
1.41348 241816 219323 -.0000370 
1.43175 2°42850 219293 - 0000373 
1.44954 043842 19263 ~.0000376 
| -46685 244851 e 19233 -.0000379 
1248371 045858 © 19203 -.0000381 
1.50012 °46862 019172 -.0000382 


159 


Tempe 
K 


344.298 
350.000 
358-000 
566.900 
374-000 
382.000 
390-000 
398 000 
406.000 
414.000 
422.000 
430.000 
438-000 
446.000 
454.000 
462.000 
470.000 
478.000 
486.000 
494.000 
502.000 
510.000 
518-000 
526.000 
534.000 
542.000 
550.000 
558.000 
566.000 
574 2000 
582-000 
590.000 


322.2504 
326-000 
334.000 
342.000 
350.000 
358.000 
366.000 
374.000 
382.2000 
390.000 
398.000 
406.000 
414.000 
422.000 
430-000 
438 .000 
446.000 
454.000 
462.000 
470.000 
478.000 
486.000 
494.000 
502.000 


Pressure 
MPa 


226430 
4.1511 
6.2892 
8.4463 
10.6176 
1Zsh999 
14.9907 
17.1881 
19.5905 
2125967 
23-8057 
2620167 
28 «2287 
30.4412 
3226536 
34.8655 
37.0763 
39.2858 
41.4935 
43.6992 
45.9027 
48.1036 
5023018 
5204971 
54.6894 
56.8785 
59.0642 
61.2465 
6324253 
65-6005 
6727719 
69.9396 


1.6818 
3.0999 
661782 
9.2661 
12-3608 
15.4603 
18.5627 
21.6668 
24.7713 
278752 
30.9777 
34.0781 
37 6 1756 
40.2698 
43.3601 
46.4461 
49.5275 
52.6040 
5526751 
58.7408 
6128007 
64-8546 
67.9025 
7029442 


Table 17. (Continued). 


Propane |sochore at 400 kg/m 


| sotherm |sochore | sochore 

Z Derivative Derivative Curvature 
MPa» m3/kg MPa/K MPa/K2 

2 10178 07761 «26305 -0005614 
°15726 208994 °26579 20004125 
«23293 ° 10663 » 26857 20002939 
° 30598 12291 2/061 ©0002207 
23/642 e | 3890 2/216 -000 1698 
044428 e 15469 «27336 ©0001320 
250965 217032 © 27429 ©0001025 
057261 18581 02/502 0000788 
©63325 020118 e217 DDI ©0000595 
69168 221645 e21597 0000431 
© 1/4797 023162 27626 0000293 
080223 °24670 02/645 ©0000175 
085454 226171 27655 -0000074 
090499 22/664 eZ OD -.0000014 
95365 29149 © 27653 - 0000091 
1.00062 230628 02/643 -.0000158 
1.04596 252100 22/628 - 20000217 
1.08974 0533565 2/608 -. 0000270 
1.13203 2035024 e 27585 - 00000316 
1.17290 036477 027558 ~-0000356 
1.21241 ° 37924 227528 - 0000392 
1.25061 239366 27495 -.0000424 
1.28756 e40802 2/7460 -.0000453 
1532552 CAZ252. «27423 -.0000478 
1.35793 043657 © 2/384 - 0000500 
1.39144 45076 0217343 -.0000519 
1.42389 46490 2/301 - 0000537 
1245533 047899 PPA ADT -.0000552 
1.48580 049305 eLIZANZ - 0000565 
1251534 050703 02/167 -.0000577 
1.54398 252097 e2/120 - 0000587 
1.57176 53486 27073 -.0000596 


Propane |sochore at 450 kg/m? 


° 06 150 ° 17785 ° 58324 20002389 
211207 ° 18875 258406 20002047 
°21801 021188 2 38545 °0001480 
031933 023454 058 646 0001059 
241624 225682 238717 0000732 
050898 02/879 038765 0000467 
259776 2530047 2 58793 20000249 
268279 032192 ° 58806 e0000065 
e/6427 054314 e 38805 - 0000090 
084240 036418 058792 - 0000224 
098926 240571 058738 - 20000439 
1.05833 042623 ° 38699 - -0000 526 
1.12468 244660 258654 - 20000602 
1.18846 246684 ° 38603 - 0000669 
1.24979 248694 238547 -°0000727 
1.230880 °390691 2 58487 - 0000778 
1.36560 f 092676 «58423 - 0000823 
1242031 254650 258355 - 0000862 
1247300 056612 258285 - 0000896 
1.52380 298563 258212 - e0000926 
1.57278 260504 038137 - 0000952 
1.62002 2 62434 ° 538060 - 0000975 
1.66562 064355 057981 -. 0000994 


160 


Table 17. (Continued). 


Propane |sochore at 500 kg/m? 


| sotherm |sochore |sochore 
Temp. Pressure iL Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K2 

2932022 08358 ° 03018 254842 055227 - 20001175 
294.000 1.23/38 204957 035223 055216 -.0001176 
298.000 325815 2 12748 036772 055168 -.0001187 
302.000 5.1873 020327 058309 055120 - 0001207 
306.000 729911 227701 ° 59834 255072 - 0001231 
310.000 10.1930 °34878 041348 055022 -.0001260 
314.000 12.3929 041865 042851 254971 - 20001291 
318.000 14.5907 048669 044343 094919 -.0001 324 
322-000 16.7865 °©55297 045826 254865 - 00001358 
326.000 18.9798 061756 247300 054810 -.0001 391 
330.000 21.1711 68051 48764 054754 - 20001424 
334.000 23.5601 °/4188 250220 234696 -.0001457 
338-000 25 5468 280172 251668 2034637 - 0001489 
342.000 272/311 86009 253107 054577 -.0001520 
346-000 29.9129 °91704 254539 054515 - e000 1550 
350.000 32.0923 097261 055963 254453 -.0001579 
354.000 34.2691 1.02684 257380 054389 - 000 1606 
358 .000 36.4434 1.07979 258790 034324 -.0001632 
362.000 38.6151 1.13150 60194 234259 - 0001657 
366.000 40.7841 1.18199 61590 054192 - 0001680 
370.000 42.9504 1.23132 62980 054124 - 0001702 
374.000 45.1140 1.27951 064364 054056 - 0001723 
378-000 47.2749 1.32661 065742 253986 - .0001743 
382.000 49 4329 1.37264 06/7114 055916 -.0001761 
386.000 51.5881 1.41765 68480 035846 - 20001778 
390.000 53/405 1.46165 069840 053774 -. 0001794 
394.000 55.8901 1.50468 2/1195 °53702 - 0001808 
398.000 58.0367 1.54677 0/2544 053629 - 0001822 
402.000 60.1804 1.58794 e 73888 095556 - 0001835 
406.000 62.3212 1.62823 0/5227 055483 -»0001846 
410.000 64.4590 1.66765 °/6561 2535409 -.0001857 
414.000 66.5939 1.70624 «1/7890 055334 -.0001866 
418.000 68.7258 1.74401 © /9214 035259 - .0001875 
422.000 708546 1.78099 080533 093184 -.0001883 


Propane |sochore at 550 kg/m> 


256. 764 22718 001043 061553 e 7/8813 - 0006500 
258.000 1.2512 °04676 062175 °/8733 - 0006386 
262.000 4.5955 2 16178 264182 e/8485 - -0006056 
266.000 725501 02/298 °66179 °/8248 - 0005776 
270.000 10.6555 e 38056 °68 166 e 7/8022 - 0005537 
274.000 1327720 248469 e/0141 e/7805 - 60005333 
278.000 16.8800 238552 e 72105 0/7595 - 0005157 
282.000 19.9797 068321 274059 011392 -e0005005 
286-000 2320715 °/7790 e 76001 0/7195 - -0004872 
290 000 26-1554 086971 0/1933 e7 7002 ~.0004756 
294.000 2922317 295878 2/9854 °/6814 - 20004654 
298.000 32-3005 1.04522 e81765 e76630 - 0004564 
302.000 35.3621 1.212913 e 83666 2/6449 - 0004485 
306.000 38-4165 1.21062 285556 °/6271 - 0004414 
310.000 41.4638 1.28979 087437 e 76095 - 00004350 
314.000 44.5041 1.36673 089308 015923 - 20004293 
318.000 47.5376 1644153 291169 0/5752 - 0004241 
322.000 50.5643 1251426 093021 2/5583 -» 0004 193 
326.000 5358435 1.58501 ° 94863 2/5416 - 00004 150 
330-000 56.5976 1.65385 296697 2/5251 -.0004110 
334.000 59.6044 1.72085 098522 e 75088 - 0004075 
338-000 62.6047 1.78609 1.00538 0/4925 - 0004038 
342.000 65-5985 1.84961 1.02146 2/4764 - -0004005 
346-000 68.5858 1.91148 1.03945 e/4605 - 0003975 
350-000 71-5669 1.97177 1.05736 ° 1/4447 - 0003946 
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Tempe 
K 


2142330 
218.000 
222-000 
226-000 
230-000 
234.000 
238-000 
242.000 
246 .000 
250.000 
254.000 
258-000 
262-000 
266-000 
270.000 
274.000 
278-000 


167.316 
168.000 
170.2000 
172.2000 
174.000 
176.000 
178.000 
180-000 
182-000 
184.000 
186.000 
188.000 
190.000 
192.000 
194.000 
196-000 
198.000 
200.000 
202.000 
204.000 
206-000 
208.000 
210-000 
212.000 
214.000 


Pressure 
MPa 


00453 
4.1460 
8.5915 

13.0141 
1724149 
Zier 9 Dil 
26-1556 
3024972 
34.8208 
39.1270 
43241635 
47.6893 
51-9466 
56 1884 
60.4153 
64.6276 
68.8256 


20017 
1.0962 
4.2857 
724612 
10.6231 
1367719 
16.9082 
20-0322 
23-1446 
26-2455 
29.3354 
3224145 
35-4833 
38.5419 
41.5906 
44.6298 
47.6595 
50.6802 
53.6918 
5626947 
59-6891 
62.6751 
65.6528 
68.6225 
7125843 


Table 17. (Continued). 


Propane |sochore at 600 kg/m? 


| sotherm |sochore | sochore 

iL Derivative Derivative Curvature 
MPa. m3/kg MPa/K MPa /K2 

200187 1.00752 1212014 -.0016196 
16811 1.03111 1.11437 -.0015252 
234209 1.05677 1.10846 - 00014356 
250901 1.08236 1.10287 -.0013576 
266929 1.10786 1.09758 - 20012895 
082332 LVelS327. 1.09255 -.0012297 
097143 1.15857 1.08774 -.0011/769 
1.11396 1.18376 1.08312 -.0011301 
1225120 1.20883 1.07869 -.0010884 
1.38344 1.23378 1.07441 -.0010512 
1.51092 1.25861 1.07027 -.0010177 
1.63390 eZ8552 1.06626 -.0009875 
1.75259 1230790 1.06237 - 0009602 
1.86719 1233236 1.05858 -.00093 54 
1.97791 1.35669 1.05488 - 0009127 
2.08493 1.38089 1.05128 -.0008919 
2.18841 1.40497 1.04775 - 20008727 


Propane |sochore at 650 kg/m? 


200008 1.55418 1.60092 - 0037221 
005324 1.55969 1.59840 - 0036695 
20570 1.57585 1.59121 - 0035237 
035395 1.59203 1.58429 - 0033889 
249815 1.60825 1.57764 - 0032640 
063847 1.62448 1.57123 - 20031482 
e 7/7507 1.64073 1.56504 - -0030406 
290807 1.65698 1.55906 -.0029405 
1203762 1.67324 1.55328 - .0028473 
1.16385 1.68949 1.54767 -.0027603 
1.28689 1.70573 1.542235 - 0026791 
1.40684 1.72196 1.53695 - 0026031 
1.52381 1.73817 1.53182 - 00253 19 
1.63792 1.75437 1.52682 -20024652 
1.74926 1.77054 1.52195 - 0024025 
1.85793 1.78668 1.51721 -.0023436 
1.96402 1.80280 1.51258 - 0022882 
2.06761 1.81889 1.50805 -.0022359 
2.16879 1.83495 1.50363 - .0021866 
2.26764 1.85098 1.49931 - 0021400 
2 36423 1.86697 1.49507 - -0020959 
2245863 1.88293 1.49092 -.0020541 
2.55091 1.89885 1.48685 - 0020145 
2264115 1.91473 1.48286 - 20019769 
2.72939 1.93057 1.47894 - -0019412 
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—— 


Tempe 
K 


118.141 
120.000 
122.000 
124.000 
126.000 
128.000 
130.000 
132.000 
134.000 
136.000 
138.000 
140.000 
142.000 
144.000 
146.000 
148.000 
150.000 


85.470 
86.000 
87.000 
88.000 
89.000 
90.000 
91.000 
92.000 
93-000 
94.000 
95.000 
96-000 
97.2000 
98-000 
99.000 
100.000 
101.000 
102.000 
103.000 
104.000 
105-000 
106.000 
107.000 
108.000 
109.000 
110.000 


Pressure 
MPa 


20000 
4.3335 
8.9619 
1325567 
18.1194 
22.6518 
2721551 
31.6308 
36-0800 
40.5039 
44.9034 
49.2794 
53263529 
57-9647 
62.2754 
66.5658 
708365 


20000 
1.6435 
4.7295 
721967 
10.8456 
13.8770 
16.8915 
19.8898 
22 8725 
25.8396 
28.7922 
317306 
34.6552 
375664 
40.4646 
433502 
46.2236 
49.0850 
51.9549 
54.7734 
57.6009 
60.4177 
632240 
66.0201 
68.8061 
7125824 


Table 17. (Continued). 


Propane |sochore at 700 kg/m? 


| sotherm |sochore |sochore 

7h Derivative Derivative Curvature 
MPaem3/kg MPa/K MPa/K2 

200000 2250958 2233998 -.0093942 
2/361 2.32730 2652298 -.0089059 
055657 234664 2230565 - 0084286 
20828 34 2.56621 2228924 -.0079956 
1.08956 2238599 222/365 -.0076018 
1.34082 2240593 2225881 -.0072429 
1.258265 2242602 2224465 -.0069151 
1.81557 2244622 2025113 -.0066150 
2.04004 2246652 2221818 -.0063398 
2625650 2.48690 2220575 - 0060867 
2246534 2250734 2219382 - 0058536 
2.66695 2252/82 2218233 -.0056384 
2.86167 2254834 ZelIVZ5 - 00054394 
3.204985 2.56887 2.16056 -.0052550 
DGD T/ 258942 2.15022 -.0050838 
3240774 2260996 2214022 - 0049246 
325/802 2263050 213052 - 0047762 


Propane |sochore at 733.337 kg/m 


200000 3201259 3.210627 - 0201023 

213821 3201733 3209573 -.0196740 

259316 3.02646 3207644 - 0189057 

264076 3203585 3205790 - 20181860 

088152 3204546 3.04006 =e OUD iS 
eS: 305529 3.02287 - 0168780 
1234245 3.06531 3.00629 - 0162830 
1.56356 3.07551 2299029 - 20157236 
1.77868 3.08588 2297483 - 20151971 
1298806 3209640 2295988 -.0147010 
2219191 3.10706 2294542 - 00142332 
22359044 3211785 2.93141 -.0137918 
258385 3212876 2291783 - 00133747 
2277233 OY 2290465 - 0129804 
2295605 315089 2.89186 - 00126073 
3213518 3216210 2087943 - 0122539 
3.30989 Zell/559 286/35 - 20119190 
3248033 3.18476 2285559 -.0116012 
3.64664 3.19620 2284414 - 20112995 
3.280897 3.220770 22835298 -.0110128 
3296745 3221925 282211 - 0107402 
4.12221 323086 2281150 - 20104807 
4.27336 3224251 280114 - 20102336 
4242103 3.2542) 22/9103 - 0099980 
4.56533 326594 278114 - 0097733 
4.70656 327770 2277148 -- 0095588 
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Table 18. Calculated P(9) isotherms of propane. 


Propane |sotherm at 90 K 


|sotherm |sochore | sochore 

Density Pressure Zi Derivative Derivative Curvature 
kg/m3 MPa MPa »m3/kg MPa/K MPa/K 2 
200 «0000 1.00000 201697 200000 - 0000000 
728 267 20000 00000 2.89905 2297836 ~.0178732 
728675 02195 °01775 290152 2.97906 -201/8557 
729237 220393 216477 2292199 298482 -.0177125 
730.200 38720 051257 2294261 2299065 - 0175726 
730262 50/176 046116 2296338 2.99654 - 0174358 
73125 725762 261055 2298431 3.00250 -.0173021 
731288 9.4480 2/6074 3.00539 3200853 -.0171716 
732250 11.3329 091173 3202662 3201462 - 0170440 
155.012 WSsZ5i15 1.06354 3204801 3.02077 -.0169195 
T3689 15.1430 1.21617 3.06956 3.02698 - 20167979 
734237 17.0682 1.36963 3.09126 3203326 -20166792 
735200 19.0071 1:6:92592 3011312 3.203959 - 20165634 
735262 2029597 1.67904 3213514 3.04599 -.0164505 
73625 229261 1.83501 315733 3205244 - 0163404 
73688 24.9065 1.99183 3217967 3205895 - 00162331 
75750 269009 2- 14950 320218 3.06552 - 20161285 
73812 28 9091 2250801 322485 3207215 - 0160266 
738675 30.9318 2246740 3224769 3207883 - 0159274 
739 57 32.9688 2262767 3227069 3208556 - 0158508 
740.00 350202 2.78881 329386 3209235 - 0157568 
740.62 37.0861 2.95084 3231721 3209919 -.0156454 
741.25 39.1667 3211376 3354072 3.10608 - 20155566 
741.88 41.2621 3227758 3236440 3211303 -20154702 
742.50 43.3725 3244229 3.38826 312002 - 0153864 
743.012 45.4974 3260792 3241229 3212707 -.0153050 
743-75 47.6377 3277447 3.43649 3213416 - 0152260 


Propane |sotherm at i00 K 


°00 20000 1.00000 °01885 200000 - .0000000 
718.44 20000 00000 2.66954 2.72428 -.0140068 
718.75 28380 206 184 2.67912 2.72726 - 20139584 
720.00 4.2110 031019 20/1768 2.173928 -.0137706 
TZN 625 726324 236125 2275675 2275151 - 20135912 
722250 11.1031 08 1504 2279633 2276393 - 0154201 
7230175 14.6235 1.07161 2.83644 2277656 - 0132570 
725.200 18.1944 1.33099 2.87707 2.78937 -20131018 
72625 21.8164 1.59321 2.91824 280238 - 0129542 
72750 2524904 1285831 2295996 2281556 -.0128141 
728.75 29 2166 2.12631 3.00222 2.82893 - 0126814 
730-00 32-9961 2239725 3204503 2.84247 -20125557 
T5Me25 3628294 2267118 3.08841 2.85618 - 20124370 
732.250 40.7173 2294812 3613236 2287005 -.0125251 
7330/5 44.6605 3022812 3.17689 2.88409 -.0122198 
735-200 48 26598 3651122 322201 2.89828 -.0121211 
736025 522/158 3219744 3226772 2291263 - 0120287 
737250 56.8295 4.08683 , 3031404 22927135 - 0119424 
738.75 61-0011 4.37940 3636096 2294176 - 0118623 
740.00 6522519 4.67524 3240851 2295654 -.0117880 
741.25 69.5226 4.97435 3245670 2097145 -.0117196 
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Density 
kg/m3 


200 


708.26 
708.75 
710.00 
| 711625 
712.50 
713.75 
715.00 
716.25 
| 717.50 
718.75 
| 720.00 
721225 
| 722.50 
225015 
725.00 
726.25 
727.50 
728.75 
730.00 
731.25 
| 732.50 


| 00 


698.12 
698.75 
700.00 
701.25 
702.50 
703.75 
705.00 
706.25 
707.50 
708.75 
710.00 
711625 
712.50 
713.75 
715.00 
| 716 25 
| 717.50 
718.75 
720.00 
721.25 
722.50 
723.75 
725.00 


Table 18. (Continued). 


Propane |sotherm at 110 K 


Isotherm |sochore |sochore 
Pressure 7 Derivative Derivative Curvature 
MPa MPa »m3/kg MPa/K MPa/K2 
0000 1.00000 °02074 e00000 - -0000000 
0000 » 00000 2246350 2250201 -.0111736 
1.2165 °08276 2.47767 250672 -.0111217 
4.3362 29446 2251395 2251881 -.0109942 
Poop a © 50852 2255067 2253106 -.0108726 
10.7130 .12495 2.58783 2254347 -.0107568 
13.9713 © 94378 2.62544 255604 20106465 
17.2768 1.16504 2266351 2256877 -.0105417 
20.6302 1.38874 2270203 2258165 - 20104422 
24.0321 1.61492 2274102 2.59468 - 0103479 
27.4830 1.84361 2.78048 2.60786 -.0102587 
30.9835 2.07482 2.82041 2.62118 -20101745 
34.5342 2 630859 286083 2263464 -.0100951 
38.1358 2.54494 2.90173 2.64824 -20100205 
41.7888 2278390 2 94313 2266198 - 0099506 
45.4938 3.202550 2.98503 2.67584 -.0098852 
49.2515 3.26976 3202743 2.68984 - 60098243 
53-0628 3251673 3207034 2.70396 -.0097677 
56.9277 3.76641 3011377 2.71821 - 0097154 
60.8473 4.01884 ell DiS Zot S257 - 0096673 
64.8222 4.27406 320222 2274705 - .0096233 
68 68530 4.53208 3224726 2.76165 -.0095833 


Propane |sotherm at 120 kK 


e0000 099999 002263 °00000 ~»0000000 
20000 °00000 2227593 230506 -20090397 
1.4457 209144 2229310 2231105 - 00089937 
4.3355 027361 2.32730 2232298 - 0089059 
72640 045782 2236189 233505 - 0088224 
10.2382 064413 2239687 2254726 -e0087429 
13.2564 ° 83253 2243225 2235960 - 0086675 
16.3190 1.02305 2.46803 2237207 -»0085959 
19.4266 1.21572 250420 2.38467 - 0085282 
22.5797 1.41054 2254079 2239739 -.0084642 
2527/87 1.60754 2.57778 2241024 - 0084038 
29 20243 1.80675 2.61520 2242321 -. 0083470 
32-3169 2-008 17 265303 2.43629 - 0082937 
3526571 2.21184 2.69128 2244950 — 0082438 
39.0453 2241778 2.72997 2.46282 - 0081972 
42.4822 2262600 2.76909 2247626 - 0081540 
45.9682 2.83652 280865 2248980 - 0081139 
49.5040 3.04938 2.84865 2.50346 - 0080770 
53-0900 326459 2.88910 2251722 - 0080432 
56.7269 3248217 2293001 2253109 - 0080125 
60.4152 3270215 2.97138 2254506 - 0079847 
64.1556 3292455 3201322 2.55913 -.0079598 
67.9485 4.14940 3205552 2257330 - 0079378 
7127946 4.37670 3209831 2.58757 -.0079186 


Density 
kg/m3 


200 


677287 
678 6/5 
680.00 
681.25 
682.50 
683.75 
685-00 
686.25 
687.50 
688.75 
690.90 
691.25 
692.50 
693275 
695.00 
696.25 
697.250 
698.75 
700.00 
701225 
702.50 
703-75 
705-00 
70625 
707250 


003 


657.51 
6582/5 
660.00 
661425 
662 50 
663675 
665-00 
666.25 
667.250 
668.75 
670.00 
671.25 
672.50 
673.75 
675.00 
676625 
677250 
678.75 
680.00 
681.25 
682 650 
683.75 
685.00 
686.25 
687.50 
688.75 
690.00 
691.25 


Table 18. (Continued). 


Propane |sotherm at 140 K 


lsotherm |sochore |sochore 

Pressure iL Derivative Derivative Curvature 
MPa MPa «m3 /kg MPa/K MPa/K2 
20001 99985 °02639 e00000 - 20000000 
0001 200000 1294295 1.96937 -. 0061040 
1.7229 09616 1.96429 1.97729 - .0060 730 
4.1973 225585 1.99480 1.98860 -.0060311 
6.7100 0357315 202563 2.00001 - 20059915 
9.2615 «51408 2.05678 2201152 -.0059541 
Also rAll| 265667 208825 2.02312 -.0059189 
14.4823 «80093 2.12004 2203482 -.0058858 
17-1524 94687 2215216 2.04662 - 0058547 
19.8628 1.09450 2.18460 2205850 -.0058257 
2226140 1224384 2221738 2207049 - 0057986 
25-4064 1.39489 2225049 2208256 -.0057735 
28-2404 1.54769 2628395 2.09472 - 0057503 
31.1164 1.70222 (AO Sy WE TE! 2210697 -.0057290 
34.0349 1.85853 2235187 2211932 -.0057095 
36.9963 2.01660 2238635 PAE ESD -.0056918 
40.0010 2.17647 22042119 2.14426 -.0056759 
43.0494 2253814 2245637 2.15687 -.0056617 
46.1421 2250163 2249192 2.16956 -.0056492 
49.2794 2.66695 2252782 2218233 - 0056384 
52.4617 2.83411 2256409 2219518 - 0056293 
55.6897 3.00314 2260072 2220812 -.0056217 
58.9636 3.17404 2.63773 ZeZ2Niv4 -.0056158 
62.2841 3254684 Zao Dil 223423 -.0056115 
65.6516 35692155 2./1287 2024741 - 0056087 
69.0664 3.69818 2.75101 2.26066 -.0056074 


Propane |sotherm at 160 K 


2 0008 099896 003011 200001 - 0000000 
«0008 200004 1.65218 1.69146 - 0042366 
220638 e 10385 1.67891 1270179 - 00042167 
4.1795 020991 1.70616 1.71229 - 2004 1980 
623293 051728 1.73368 1.72287 - -004 1806 
68-5138 042598 1276147 1.73352 -.0041645 
10.7331 ° 53601 1.78953 1.274425 - 0041495 
12.9877 264739 1.81787 1.75505 - 20041358 
1522779 e 76012 1 «84650 1.76592 - 00041233 
17.6041 087421 1.87540 1.77687 -.-0041119 
19.9665 298968 1.90458 1.78789 - 0041017 
22-5656 1.10653 1.93405 1.79899 - 20040926 
24.8018 1222477 1.96381 1.81016 - 0040845 
2162155 1.34441 1.99385 1.82140 -.0040776 
29.7865 1.46547 2 02419 1.83271 - 0040716 
32.3359. 1.58795 2205482 1.84409 - 20040668 
34.9237 1.71186 2208574 1.85554 - 0040629 
3725502 1.83721 2611697 1.86707 - 0040600 
40.2162 1.96402 2.14849 1.87866 - 0040582 
42.9217 2209229 ‘ 2.18032 1.89033 - 20040573 
45.6671 222204 2021245 1.90206 - 00040574 
48 64529 265527 224489 1.91386 -. 0040584 
51.2795 2.48600 2227764 1292573 - 0040603 
54.1472 262023 2231070 1.95766 - 20040632 
5720564 2.75598 2034407 1.94967 - 0040670 
60.0075 2289526 Ze Deis 1.96174 -.0040717 
63 60009 3203208 2041178 1.97387 - ©0040773 
66.0371 3217244 2044612 1.98607 -.0040837 
69.1164 3231437 2248079 1.99834 - 0040910 
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Table 18. (Continued). 


Propane |sotherm at 180 K 


|sotherm |sochore | sochore 

Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa »m3/kg MPa/K MPa /K2 

215 20050 099585 003366 200003 - -0000000 
636 85 20050 00023 1.39334 1.45552 - 0029811 
637.50 09157 004232 1640575 1.46049 - «0029772 
638.75 2.6879 212399 1.4297¢ 1.47007 --0029703 
640.00 4.4902 ° 20672 1.45405 1.47972 - 002964 1 
641.225 663231 »29054 1.47856 1.48942 - 0029587 
642.50 8.1867 031544 1.50333 1.49919 - 0029540 
643.75 10.0815 046143 1.52830 1.50902 -.-0029500 
645.00 12.0076 254853 1.55354 1251891 - 0029468 
646.25 132.9654 063673 1.57903 1.52886 -°0029442 
647-50 ND's9555 e 72605 1.60476 1253887 - 20029423 
648.75 1729774 081649 1.63075 1.54894 -.0029411 
650.00 20203522 290807 1.65698 1.55906 - 0029405 
65125 22-1200 1.00078 1.68347 1.56925 - 0029405 
652.50 24.2410 1.09464 1.71022 1.57950 - 20029412 
6552/5 26 3957 1.18966 1273722 1.58981 - 0029425 
655-00 28-5842 1.28584 1.76447 1.60018 - 20029444 
656.25 30.8069 1.38319 1.79199 1.61061 - 20029469 
657.50 335.0643 1.48172 1.81977 1.62109 - 0029500 
658./5 3523565 1.58143 1.84781 1.63164 -.0029537 
660.00 37.6839 1.68234 1.87612 1.64224 - 0029580 
661.25 40.0469 1.78446 1.90470 1.65290 - 0029628 
662.50 42.4458 1.88778 1.93354 1.66363 - 0029682 
6632/5 44.8809 1.99252 1.96265 1.67441 -.0029741 
665.00 47.3525 2209809 1.99204 1.68524 - 0029806 
666.25 49.8611 2220509 2.02170 1.69614 -. 0029877 
667.50 5224069 2231334 2205163 1.70709 - ©0029952 
668.75 54.9905 2242284 2.08185 1.71810 -.0030054 
670.00 57-6116 2.55360 2.11234 1.72917 - 60030120 
671.25 60.2712 2264565 2.14312 1.74030 -20030212 
672.50 62.9695 2158935 2217418 1275148 - .0030309 
673.75 65-7068 287352 2.20555 1276272 -.0030411 
675.00 68.4855 2.98940 2.25716 1.77402 - 00030518 
676225 7122999 3.10659 226909 1.78537 -.0030631 


Propane |sotherm at 200 K 


234 20201 °98835 203685 200010 - -0000000 
615.66 .0201 °00087 1.16045 1.25119 --0020992 
617-50 221878 209396 1.19146 1.26400 - -0020990 
620.00 522198 022326 12235427 1.28156 - 0021004 
622.50 8.3599 2535613 1227794 1.29932 - 002 1034 
625.00 11.6102 049261 1.32249 1.31728 - 0021082 
627.50 14.9731 063277 1.36794 1233545 - 20021146 
630.00 18-4507 e 77663 1.41429 1.35381 -.0021224 
632-50 22.0455 292427 1.46155 1237238 - 0021518 
635.00 25-1592 1.07573 1.50973 1.59115 - 0021426 
637.50 29-5947 1.23106 1.55885 1.41013 - 002 1548 
640.00 33.5542 1.39031 1.60892 1242931 - 20021684 
642.50 3726401 1.55354 1.65994 1.44869 - 0021 833 
645.00 41.8547 1.72080 1.71194 1.46827 - 0021995 
647.50 46 2006 1.89214 1.76492 1.48806 - 20022171 
650.00 50.6802 2.06761 1.81889 1.50805 - 60022359 
652.50 55-2959 2224728 1.87388 1.52825 - 0022560 
655.00 60.0504 2243119 1.92988 1.54865 - 0022774 
657-50 64.9462 2.61941 1.98692 1.56925 - 0023001 
660.00 69.9859 2281197 2204500 1.59005 - 00235239 
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Density 
kg/m> 


1.250 


593.67 
595.00 
597.50 
600.00 
602.50 
605.00 
607-50 
610.00 
612.50 
615.00 
617-50 
620.00 
622.50 
625.00 
627.50 
630.00 
632.50 
635-00 
637.50 
640.00 
642.50 
645.00 


2.50 
343 


570255 
5712-50 
575.00 
577250 
580.00 
582.50 
585.00 
587.50 
590.00 
592.50 
595.00 
597250 
600.00 
602.50 
605.00 
607.50 
610.00 
612-50 
615.00 
617.50 
620.00 
622.50 
625.00 
627.50 
630-00 


Table 18. (Continued). 


Propane |sotherm at 220 K 


|sotherin |sochore |sochore 
Pressure Z Derivative Derivative Curvature 
MPa MPa «m3/kg MPa/K MPa/K 
0605 097418 203937 e00029 -e0000002 
0605 °00245 094999 1.07129 - 0014563 
163397 °05428 296935 1.07964 -.0014605 
3.8091 15369 1.00626 1.09542 -.0014691 
676 SINT °25601 1.04395 eesleloleS7 - 0014788 
9.0295 256129 1.08244 1.12749 -.0014894 
11.7846 246958 Ment 2172 1.14379 -.0015009 
14.6388 258091 TeVE182 1.16026 -.0015133 
17.5944 269534 1.20274 1.17691 - 20015265 
2026532 81289 1224449 eal Qe -.0015405 
256875 © 93363 1.28709 1.21072 - 0015554 
27.0894 eOD758 1.33054 1.22790 -.0015710 
30.4710 1.18480 1.37485 1.24525 - 0015874 
33.9644 1.31534 1.42004 1.26278 -.0016046 
ST oT NS 1244922 1.46611 1.28049 - 20016225 
41.2957 1.58651 1.51308 1.29838 -.0016413 
45.1380 VestZrZ5 1.56095 1.31645 -.00 16607 
49.1012 1.87148 1.690974 1.33470 -.0016810 
55.0 187 2201924 1.65946 1.35314 -.0017019 
57.3993 2.17059 PeFVOU1 1.37176 -.0017237 
61.7389 26352558 VeF6172 1.39056 -.0017462 
66.2087 2248424 1.81428 1.40954 -.0017695 
70.8111 2.64663 1.86782 1.42871 -.0017935 


Propane |sotherm at 240 K 


2 1091 096423 204207 e00049 - 0000003 
21479 095125 004087 e00068 - .0000007 

2 1479 200573 e 15993 ° 91069 - 0009718 
1.6519 006377 2/8402 092161 - 0009819 
326513 » 14033 081555 093575 - 0009953 
51303 021928 084779 095003 - 0010092 
7.8908 ° 30065 288074 096446 - 00010235 
10.1346 058448 09 1441 097904 - 0010382 
12.4635 247081 294882 099378 - 00010555 
14.8793 035968 098397 1.00866 -.0010689 
17-3839 065112 1.01986 1.02370 - 0010849 
19.9792 074517 1.05653 1.03889 -.0011012 
22.6672 284187 1.09396 1.05424 - 0011180 
2524497 094126 eal S27 1.06974 -.0011352 
28 635287 1.04337 1.17118 1.08541 -.001 1528 
3123063 1.14825 1.21098 1.10123 -.0011708 
34-3843 1.25594 1.225160 1.11721 - 0011892 
37 5649 1.36647 1229304 1.13336 - 20012080 
40.8502 1247988 1.35530 1.14967 - .0012273 
44.2422 1.59622 1.37841 1.16614 -.0012470 
47.7430 1271553 1.42237 1.18277 - 0012671 
51.3547 1.83784 } 1.46719 1.19957 -.0012877 
550796 1.96319 1.51288 1.21654 - .0013087 
58.9199 2209164 1.55945 1.23368 --0013302 
62.8776 2022321 1.60691 1.25098 - 0013521 
6629552 2235795 1.65527 1.26845 -. 0013745 
7161547 2 649590 1.70454 1.28609 ~ 00013974 
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Table 18. (Continued). 


Propane Isotherm at 260 K 


lsotherm lsochore |sochore 

Density Pressure Z Derivative Der Ivative Curvature 
kg/m> MPa MPaein3/kg MPa/K MPa/K ¢ 

2.50 1188 ©96925 204609 -00048 -.0000001 

5.00 02305 094022 004322 200100 - 20000009 

6.90 23106 091774 04095 00143 -.0000023 
545.88 23106 001161 058919 ©/6557 -.0005947 
547.50 1.2778 04761 ©60574 77359 -.0006052 
550-00 228246 10476 0631890 - 78608 -.0006214 
DRO) 4.4373 216383 ©65848 e 1/9869 -.0006377 
555-00 6.1175 022485 68578 081143 -.0006541 
557.50 7.8668 228784 wt 575 2 82429 -.0006705 
560.00 9.6867 035285 14232 283729 -.0006872 
562.50 11.5789 241990 077157 2085043 -.0007039 
565.00 13.5451 48903 280149 286369 ~.0007207 
567-50 15.5869 256027 283298 87710 - 0007376 
570.00 17.7061 °63365 086335 89064 -.0007547 
572.50 19.9043 2 70921 ©89533 ©90432 -.0007719 
575.00 22.1855 2/8697 92800 091814 -.0007893 
577.50 24.5449 2 86698 96139 293210 -.0008068 
580.00 26.9909 094927 99551 94620 -.0008245 
582.50 29.5230 1.03387 1.03036 »°96045 -.0008424 
585.00 32.1433 1.12082 1.06595 097484 -.0008605 
587.50 34.8534 1.21015 1210229 98938 -.0008787 
590 .00 37.6553 1.30189 1.13940 1.00406 -.0008972 
592.50 40.5510 { .59609 Velana27 1.01890 - 20009160 
595.00 43.5423 1.49278 1.21593 1.03388 -.0009349 
597.50 46.6313 1.59199 1.25538 1.04902 -.0009541 
600.00 49.8199 1269376 1.29563 1.06430 -.0009736 
602.50 53.1101 1.79813 1.33663 1.07974 -.0009933 
605.00 56.5040 1.90513 1.37856 1.09534 -.0010133 
607.50 60.0036 201480 1.42126 1.11109 -.0010335 
610.00 63-6110 DA 2ZINS 1.46481 1.12699 -.0010541 
612.50 67.3284 2224230 1.50920 1.14305 -.0010749 
615.00 Viola 2236020 1.55445 1.15927 -.001 0961 
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Table 18. (Continued). 


Propane Isotherm at 280 K 


lsotherm Isochore |sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/in> MPa MPa sin /kg MPa/K MPa/K 
2.50 -1284 °©97312 005006 00048 - 0000001 
590 02504 -94841 004747 200099 - 0000005 
750 23657 292367 04483 00153 - 0000014 
10.00 eATA5 °8987] 004215 200211 - 0000032 
12.50 03 164 087345 205940 200274 - .0000065 
12.64 05818 287206 203925 000277 - -0000068 
519.95 25818 202123 243728 263309 - 0002899 
520.00 1.0001 203643 044501) 263709 -.0002971 
522.50 21385 007752 246575 264795 - .0003157 
525.00 3.3293 012012 248703 65891 0003540 
527-50 4.574] 216425 250883 266999 -.0003521 
530.00 5.8740 220993 053119 68118 - 90003699 
532.50 72305 225720 055410 269243 - .0003875 
535-00 8.6449 230607 057158 - 70390 - 0004050 
DS 1300 10.1188 «35659 260163 271543 - 20004223 
540.00 11.6536 040877 62626 2/2709 - 0004395 
542.50 13.2506 46265 065149 - 73886 - 0004567 
545.00 14.9115 051825 067752 2/5076 - 0004738 
547.50 16.6378 057561 70377 - 76278 - 0004908 
550-00 18-4309 263475 ° 73083 0/7493 -.0005078 
D926 50 20-2925 69570 «75853 - 78720 - 0005248 
555.00 22.2241 075849 - 78686 «79960 -.0005418 
557-50 24.2273 ° 82315 ° 31585 «81213 - .0005588 
560-00 2623039 °88971 084549 082479 -.0005759 
56250 23.4553 ¢ 95820 °87580 085758 - .0005 930 
565 600 30.6834 102866 290679 285050 - 00061 02 
567-50 32.9899 1.1011] 293847 - 86356 -.0006275 
570-00 353765 1.17559 97084 87675 -. 0006448 
572.50 3728446 We2D 212 1.00391 °89008 -.0006623 
57590 40.3965 1.33074 1.03770 °90355 - 0006798 
577250 43.0338 1.41148 1.07222 oD 715 - .0006975 
580 00 45.7582 1.49437 1210747 °935090 - 0007153 
582.50 48.5717 1.57944 1.14346 © 94478 - 0007333 
585.00 51.4761 1.66674 1.18020 095831 -.0007514 
587.50 54.4733 1.75628 DSCINAl °97298 - 0007695 
590.00 5725653 1.84810 1.25598 98730 -. 0007831 
592.50 60.7539 1.94224 1.29503 1.00175 - .0008067 
595 90 64.0411 2203873 1.334838 1.01636 - 9008255 
597.50 6724289 2.13759 1.37552 1.03111 - 0008445 
600-00 7029194 2.23888 1.41697 1.04601 -.0008637 
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Table 18. (Continued). 


Propane |sotherm at 298.15 K 


|sotherm |sochore |sochore 

Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa em>/kg MPa /K MPa /K 2 
5200 22682 095428 005123 200098 - -0000003 
10.00 25123 »91132 »04640 e00207 -.0000018 
15.00 2/321 286823 004152 000328 - .0000056 
20.00 29274 082489 203659 °00466 - 0000143 
20.69 09525 281895 003591 20487 - 0000162 
492.06 09523 003443 051561 052153 -. 0000534 
495.00 1.9078 206856 055459 055258 - 0000785 
500.00 3.6643 e 13056 °5 6830 55167 -.0001188 
505-00 529938 e 19704 040385 05/114 - 0001568 
510-00 72/059 °26878 044131 259103 - 20001930 
515.00 10.0102 2534576 °48075 261134 - 0002279 
520-90 1225169 »42819 °52225 263208 - 0002618 
525.00 15-2365 2531625 256587 065526 - 00002950 
530-00 18.1792 e61015 061169 67490 - 0003277 
535-00 21.35/70 °/1011 65978 69701 - «0003600 
540.00 24. 7/809 281633 °/1020 0/1959 - 20003921 
545.00 28.4630 ° 92902 °/6304 » 74266 - 0004241 
550.00 3224155 1.04841 081837 e/6623 - 0004561 
555.00 36.6509 1.17471 087625 e 7/9030 - .0004883 
560.00 41.1825 1.30817 095676 081488 - 0005206 
565.00 46.0231 1.44900 299998 083999 - 60005532 
570-00 51.1868 1.59743 1.06598 086562 - 0005862 
575-00 56-6876 1.75372 1.13483 089179 - 0006196 
580.00 62.5599 1.91809 1.20660 091851 -.0006535 
585.00 68.7586 2.09080 1.28128 294579 - 0006879 


Propane |sotherm at 300 K 


5-00 e2700 095482 205161 200098 - 0000003 
10.00 22161 091245 204682 200206 - 0000017 
15.00 e 1382 287002 204200 °00327 - 0000053 
20.00 09361 082741 003714 °00464 --0000131 
21.270 29979 081284 203546 000515 - 0000177 

489.13 09979 °05607 °30407 e21057 -- 0000307 
490.00 1.2660 204567 250950 ° 51379 - 00000384 
495.00 28929 210332 054157 0935245 - »0000804 
500.00 4.6846 ° 16564 237542 035144 - -0001196 
505.00 626502 02528 | 041112 057085 --0001567 
510-00 8.7990 °30501 044873 °59067 - .0001922 
515-00 11.1408 058244 048833 061092 - 0002266 
520.00 13.6858 046529 232999 °63159 - 0002600 
525-00 16.4443 099574 03/378 065272 -. 0002928 
530-00 19.4272 264802 261977 067430 - 00003251 
535-200 22.6458 2/4832 266803 069635 - 0003571 
540.00 26.1115 085485 e 71864 e 71887 - 0003888 
545.00 29 8362 096783 e/7166 2/4188 --0004206 
550.00 33.8322 1.08748 082717 ° 7/6539 - 0004525 
555-00 38.1121 1.21402 088524 e/8940 -. 0004842 
560-00 42.6890 1.34766 ° 94594 081392 - 0005163 
565.00 47.5761 1.48865 1.00936 083897 - 0005487 
570200 522/872 1.63722 1.07555 286454 - 20005815 
575.200 58.3364 1.79360 1.14460 e89065 - 20006147 
580-00 64.2381 1.95802 1.21658 091731 - 0006484 
585.00 7025072 2.15074 1.29156 094452 - 0006826 
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Table 18. (Continued). 


Propane Isotherm at 320 K 


lsotherm Isochore lsochore 
Density Pressure Z Derivative Der ivative Curvature 
kg/m3 MPa MPa em3/kg MPa/K MPa/K2 
5200 ©2896 ° 96001 205569 -00098 - «0000002 
10.00 05571 092329 °05130 200203 -.0000011 
15.00 °8027 288695 °04696 200319 - 0000031 
20-00 1.0268 285089 204267 200445 - 0000067 
25.00 1.2295 -81513 203844 -00584 - 20000126 
30.00 124112 277966 003425 200737 - 20000224 
35.00 1.5721 274445 -03009 °00907 - 0000395 
35.90 1.5988 2/3814 202934 -00939 - 0000439 
454.43 1.5988 205831 °18978 ° 59604 °0002105 
455.00 1.7071 206218 219226 059777 °0002042 
460.00 227243 209816 221485 041316 20001530 
465.00 328580 013751 223883 042886 20001077 
470.00 521151 - 18038 026427 044489 °0000666 
475.00 625032 022691 229122 2461 28 -0000288 
480.00 8.0299 027726 251974 ° 47803 - 00000067 
485 .00 9.7033 033159 234990 049516 - 0000404 
490 .00 11-5317 259005 258177 051267 - 0000 726 
495 00 13.5239 045282 241540 253059 -.0001038 
500.00 15.6888 252005 245086 234892 ~.0001341 
505-00 18.0357 059192 248822 256767 -.0001637 
510.00 2025742 266862 052753 258684 - 60001929 
515.00 2323144 275031 256888 260646 - 20002217 
520.00 26 «2665 083719 061233 262651 - 20002503 
525.00 2924413 092944 065794 264703 -.0002787 
530.00 328496 1.02726 ° 70579 °66800 -.0003071 
535.00 365030 115084 075594 268945 -.0003355 
540.00 40.4130 1.24037 280847 °/1137 - 0003641 
545.00 44.5918 1.35608 286346 2/3377 - 0003927 
550.00 49.0518 1.47815 °92096 ° 75667 -.0004216 
555.00 53.8057 1.60680 °981 06 78007 - 0004508 
560.00 58-8668 1.74224 1.04382 °80398 - 0004804 
565.00 64.2485 1.88469 1210932 282840 - 00051 02 
570.200 69.9647 2.03437 1.17763 285335 - 0005406 


172 


Table 18. (Continued). 


Propane Isotherm at 340 K 


Isotherm |sochore Isochore 
Density Pressure Z Derivative Derivative Curvature 

kg/m3 MPa MPa-m/kg MPa/Kk MPa/K2 

5-00 25091 © 96453 005972 200097 - 60000002 
10.00 05976 093214 005567 200202 - 0000008 

15.00 e 8660 290055 °05170 000314 - 0000021 
20-00 1.1147 086943 204781 200435 - 0000042 

25-00 1.3443 283876 204402 200565 - 0000075 

30.00 1.25550 °80856 204031 200704 -.00001 21 

35-00 1.7475 e 77882 203668 200854 - 0000184 
40.00 1.9220 2/4953 003315 201014 - 0000270 
45.00 2.0791 e 72069 202969 201185 - 0000390 
50.00 222190 269230 202632 201368 -. 0000559 

55.00 223424 266434 202302 201566 - 0000814 
59.00 224293 064224 002042 001736 -.0001 134 
411.22 224293 009215 209518 ° 28646 °0004850 
415.00 228079 210554 ° 10536 229545 °0004259 
420.00 3.3701 012517 °11969 230755 °0003612 

425.00 4.0065 ° 14705 213504 051991 20003072 
430.00 4.7223 017131 015147 053254 20002606 

435.00 55230 e 19805 ° 16901 054548 °0002193 
440.00 6.4144 022741 » 18774 235873 °0001819 

445.00 724024 025948 220769 031232 20001 475 

450-00 8.4934 229442 ° 22892 ° 38624 °0001 154 

455.00 9.6939 055234 025148 e40051 °0000851 
460.00 11.0106 037338 027544 041515 20000562 

465-00 12-4506 041767 2 30083 043015 20000284 

470.00 14.0214 ° 46536 GBVA7/ 75) 044552 20000014 

| 475.00 1527305 051659 255618 2461 28 -. 0000248 
480.00 17.5859 057150 ° 38625 047743 - 0000506 
485.00 19.5958 263026 041799 249397 - 0000759 

490.00 21-7687 269300 045147 251093 - 0001010 
| 495.00 24.1134 2/5989 248675 052829 -.0001 258 
500.00 26263592 283109 252388 °54607 - 0001505 

505.00 29.3555 090676 096295 056428 -.0001751 
510-00 32.2721 298708 ° 60401 °58292 - 0001997 
| 515-00 35.3990 1.07221 64713 °60200 - 0002244 
520.00 38.7469 1.16233 269238 062153 -»0002492 

| 525.00 42.3265 1 «25762 2 73982 064151 - 0002741 
530.00 46.1489 1.35826 2/8953 266195 - 0002992 
| 535.00 50 2256 1.46443 284157 268286 - «0003245 
540.00 54.5686 1.57632 289602 2/0424 - 0003500 
545.00 59-1900 1.69413 095295 ° 72610 - 0003759 

| 550-00 64.1024 1.81806 1.01245 » 74845 - 0004021 
555.00 69.3186 1.94829 1.07453 077129 - 0004287 
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Table 18. (Continued). 


Propane Isotherm at 350 K 


lsotherm |sochore |sochore 
Density Pressure z Der ivative Derivative Curvature 
kg/m3 MPa MPaem/kg MPa/K MPa/K 
5 00 23188 296623 206173 200097 - 0000001 
10-00 06177 093599 205783 200201 -.0000007 
15-00 08973 ° 90643 °05402 000312 --0000018 
20-00 1.1580 087738 °05030 200431 -.0000035 
25 00 1.4004 - 84882 204667 200558 - 0000061 
30.00 1.6249 082075 004314 200694 -. 0000096 
35.00 1.8320 279316 203971 200838 -.00001 42 
40.00 220221 276605 203636 200990 - 0000202 
45.00 221958 0/3941 203311 201152 - 60000279 
50 00 223534 071324 202996 001322 - 0000377 
55-00 24955 068755 202689 201502 - -0000503 
60.00 2.6225 °66233 002393 201692 - 0000669 
65.00 27350 263761 202107 201892 - 0000892 
7000 2.8334 061337 0018351 002104 -.0001210 
75.00 229183 258963 201565 °02330 - 0001701 
76297 229482 °58039 °01 462 002425 -. 0001981 
383-34 229482 011654 205595 023168 -0006864 
385.00 30435 011979 205895 023498 20006467 
390 00 3.3618 e 13062 206849 °24504 e0005488 
395.00 327296 °14308 207880 025530 °0004735 
400.00 4.1511 015726 08994 ° 26579 °0004125 
405.00 4.6305 017325 010195 227654 -000361 4 
410.00 Biel 2Z1 019116 211487 028757 20003171 
415.00 57808 021108 e 12876 ° 29889 e0002780 
420.00 624614 023312 2 14366 251051 20002426 
425.00 722191 025740 °15961 052245 -0002101 
430.00 8.0593 ° 28401 e 17666 033471 0001799 
435.00 8.9876 231308 ° 19485 034731 20001514 
440.00 10.0098 234473 021425 ° 36025 -0001 243 
445.00 1121321 237907 023489 031353 ° 0000983 
450.00 12.3608 © 41624 °25682 258717 20000732 
455.00 13.7026 245635 -28011 040118 20000487 
460.00 15.1643 049954 230480 041555 20000248 
465.00 16-7530 254594 ° 33095 243029 - 000001 4 
470.00 18.4763 059569 235861 044542 - 0000218 
475-00 20.3417 064893 038784 °46093 - 0000447 
480.00 22555 15 - 70581 241869 047684 - 00006 74 
485.00 24.5315 - 76646 045124 049314 -.0000901 
490.00 2628727 © 83104 248554 250986 - .0001126 
495.00 29-3899 °89970 052165 252698 -.0001 352 
500.00 32.0923 097261 055963 054453 -.0001579 
505.00 34.9894 1.04991 059956 °56250 -.0001806 
510.00 38.0912 1.13178 264149 °58090 - 0002034 
515200 41.4078 1.21838 268549 259975 - 0002264 
520.00 44.9497 1.30988 073164 061903 -.-0002496 
525.00 48.7279 1.40645 °77999 063877 - 60002730 
530-00 52.7534 1.50828 083063 065897 -.0002967 
535200 5720380 1.61554 ° 88361 067963 - ©0003207 
540.00 61 5936 1.72842 ©9390] «70076 - 0003449 
545.00 66 «4323 1.84710 °99690 272237 ~ .0003696 
550.00 71 25669 1.97177 1.05736 274447 - 0003946 
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Table 18. (Continued). 


Propane Isotherm at 360 K 


lIsotherm |sochore | sochore 
Density Pressure Zi Derivative Derivative Curvature 
kg/m MPa MPa+m3/kg MPa/K MPa/K2 
10.00 06377 ° 93953 205997 °00200 - .0000006 
20.00 1.2009 °884 63 005274 200428 -- 0000030 
30.00 1.6938 283179 204590 200685 - 0000078 
40.00 221202 - 78090 003945 200972 - 0000159 
50.00 24840 e 73189 203336 201290 - .0000281 
60.00 2.7888 °684 76 202767 001637 -.0000458 
70-00 3.0388 263956 002241 202012 - .0000714 
80.00 322385 259639 201761 002416 - 0001097 
90.00 33928 095537 201331 002849 - .0001 722 
100.00 35064 251657 200949 003319 -. 0002952 
105.05 3.5498 249781 200773 003579 - 0004225 
345.252 325498 015136 202308 e17379 20010800 
35000 3.6630 015418 202749 - 18069 20008 926 
360-00 329928 ° 16340 203884 ° 19646 °0006480 
370.200 4.4477 e17709 205254 °21305 20005062 
380.00 520525 - 19588 206888 ° 23062 °0004087 
390.00 5 08552 222043 208818 224930 20003341 
400.00 6.8269 025144 011073 226914 °0002727 
410.00 8.0618 ° 28968 213687 229021 20002192 
420.00 9.5773 035594 ° 16692 031255 20001708 
430.00 11.4144 059107 220125 2 533623 °0001257 
440.00 13.6178 245596 224022 236127 °0000826 
450.00 162557 053153 028423 238774 0000409 
460.00 19.3205 261878 0553569 041566 -.0000002 
470.00 22.9290 e 71872 ° 38902 244510 --0000409 
480 .00 2721221 085244 245069 °47609 -- 0000817 
490.00 319654 296107 051916 ° 50868 - 0001228 
500.00 3725296 1.10580 259493 054292 - 0001645 
| 510.00 43.8900 1.26785 067851 °5 7885 - .0002069 
| 520.00 5121276 1244852 °//043 061653 - 0002502 
530-00 59-5283 1.64914 087125 265601 -.0002947 
540.00 68-5840 1.87112 298151 069734 - 0003405 
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Table 18. (Continued). 


Propane Isotherm at 365 K 


|sotherm |sochore |sochore 
Density Pressure Zs Derivative Derivative Curvature 
kg/m MPa MPaem/kg MPa/K MPa /K 
10.00 26477 294120 206103 °00200 - -0000005 
20-00 e2225 288802 005394 200426 - 0000027 
30.200 1.7280 2 83694 204726 200681 - 0000071 
40-00 2.1687 e/8780 204095 00965 -.00001 43 
50.00 225481 e 74051 203501 01277 - .0000248 
60.00 2.8701 269506 202945 001615 - 0000394 
70200 3.1386 065150 202432 001979 - 0000592 
80.00 323581 260993 001965 002367 - 0000861 
90-00 569555 037045 201548 °02776 - 0001232 
100.00 36693 0953517 201180 °03207 - 0001 769 
110.00 307/11 049814 200864 203658 - 20002620 
120.00 328436 046541 200595 0041 34 - 0004220 
129.01 308877 243786 °00388 04602 - 0007955 
31685 38877 e 17829 200970 e 1 4060 20016214 
320-00 39208 e1 7804 °01135 214449 °0013495 
330-00 4.0658 017894 001751 ° 15699 2000901 3 
340.00 4.2763 ° 18276 002528 017013 20006853 
350.200 4.5758 °18997 003494 - 18416 20005525 
360.00 4.9823 °20110 204674 219918 20004589 
370.00 525187 021673 206095 021525 0003865 
380 00 602103 023747 007785 023245 0003268 
390 - 00 720856 ° 26399 009773 225081 0002750 
400.00 8.1758 e29700 ° 12089 22/7038 20002283 
410.00 9.5154 033723 014766 229121 0001851 
420.00 11-1421 2 58548 e 17837 051334 °0001441 
430.200 13.0971 044258 021337 255680 20001045 
440.00 15.4251 °50940 225304 0536164 20000657 
450-00 18.1748 258687 229777 2 38791 20000274 
460-00 2123988 067595 254797 041564 - 0000108 
470-00 2521539 2/7/66 240407 244487 - 0000492 
480.00 29.5015 289307 246653 047566 - 0000880 
490 .00 34.5073 1.02328 255581 250805 -- 0001273 
500-00 40.2421 1.16948 261242 ©4209 -.0001674 
510200 46.7817 1.33287 °69686 25/781 - 0002084 
520.200 54-2071 1251473 ° 78967 261528 - 0002505 
530.00 62 6047 1.271638 089139 065454 - 0002938 
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Table 18. (Continued). 


Propane !sotherm at 369.85 K 


|sotherm |sochore lsochore 
Density Pressure ZL Derivative Derivative Curvature 

kg/m3 MPa MPaem3/kg MPa/K MPa/K2 

10.00 06574 294275 °06206 200200 - 0000005 

20-00 1.2429 289118 205511 °00425 - 0000025 
30.00 1.7609 284172 204856 °00678 - .0000066 
40.00 22153 79418 004238 000958 - 00001 30 

50-00 26098 - 74848 003657 201265 - .0000222 
60-00 229480 2/0457 203114 201598 -.0000346 
70.00 32339 266249 202612 201953 - 0000507 
80-00 34719 062234 002155 202329 -.000071 2 
90.00 3.6666 058421 001 747 002724 --0000970 

100.00 328229 054821 001388 203134 - 0001 294 
110.00 3.9458 291439 201078 003556 - 0001703 

120.00 4.0402 248281 °00817 003989 -.0002228 

130.00 4.1107 045345 °00601 204428 - 0002913 

140.00 4.1617 242628 200425 04872 -. 0003837 

150.00 4.1971 2401 24 °00287 005317 -.00051 32 

160.00 4.2203 057824 e001 82 005761 -»0007047 

170-00 4.2344 235719 200106 206200 - 0010085 

180.00 4.2422 235796 200054 206631 -.0015403 

190.00 4.2458 252045 200022 207048 - .0026162 
200.00 4.2472 250452 200006 007445 -.0053878 

210-00 4.2474 °29004 e00001 207809 ~.0174253 

220.00 4.2475 227686 200000 2081 04 -4 60792227 

| 230-00 4.2475 ° 26482 e00001 208395 20196702 
| 240.00 4.2479 025381 e00009 208798 °0064395 
| 250.00 4.2497 224376 200031 209279 00034335 
| 260.00 4.2550 223468 e00079 209834 00022257 
| 270-00 4.2668 ° 22661 200165 210466 20016038 
| 280-00 4.2896 021969 200301 211176 00012345 
290.00 4.3292 221407 200504 211968 °0009934 
| 300.00 4.3931 °20999 200790 ° 12846 °0008247 
| 310.00 4.4907 220773 °01180 e 13812 e000 7000 
| 320.00 4.6332 220762 001692 ¢ 14872 «0006035 
330.00 4.8539 ° 21006 202349 e 16028 °0005259 
340.00 521085 021546 003173 °17284 0004612 
350.00 54748 222431 204188 218645 e0004057 

| 360.00 529533 023714 005420 °20113 °0003565 
| 370-00 625669 025451 206895 21694 20003119 
380.00 7.3413 027704 208641 223389 °0002706 
390.00 8.3051 230537 e 10687 ° 25203 20002316 

400.00 9.4897 234021 e 13063 027141 20001942 
410.00 10.9298 ° 58228 2 15802 229204 0001578 
420.00 12.6634 043236 218937 051398 e0001 220 
430.00 14.7317 249129 222504 033726 °0000866 
440.00 17-1798 255990 ° 26539 236193 e000051 2 
| 450.00 20.0564 263913 251082 - 38801 °0000157 
460.00 2324145 2/2992 236174 041556 - 0000202 

470.00 2723110 283328 241858 044462 - 0000566 
480.00 31.8074 295025 °48180 047522 - 0000936 

490.00 36-9698 1-081 93 095187 050742 - 0001314 

500.00 42.8692 1.22949 262928 054127 -.0001701 

510-00 49.5816 1239412 ° 71455 257680 - 0002099 

520.00 5721883 1.57708 ° 80822 °61407 -. 0002508 

530-00 6527758 1.77967 291082 065312 - 0002929 
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Table 18. (Continued). 


Propane Isotherm at 375 K 


|sotherm Isochore |sochore 
Density Pressure Ze Derivative Derivative Curvature 
kg/m> MPa MPaem/kg MPa /K MPa/K2 
10.00 26677 294434 206315 200199 - 0000005 
20-00 1.2648 089439 005633 000424 -- 0000023 
30-00 1.7957 e 84658 204992 200675 - 0000060 
40.00 22645 280067 204389 200952 -.0000118 
50.00 26746 ° 75655 203820 001254 - 0000199 
60-00 30298 2/1418 203289 001581 - -0000306 
70.00 3.3339 067359 202799 201929 - 0000439 
80.00 325910 263484 002351 002295 -. 0000601 
90.00 38057 259805 201951 202679 -.0000792 
100.00 39827 056528 001598 003075 -.0001012 
110.00 4.1270 253062 001294 203481 -.0001258 
120.00 4.2431 °50008 201036 203895 -.0001523 
130.00 4.3356 047168 200821 004312 - 00001797 
140.00 4.4086 044537 200646 004731 - 0002057 
150.00 4.4660 242108 200507 205148 - 00002272 
160.00 4.5110 059874 200399 005563 - 0002400 
170.00 4.5466 037825 200318 205975 - .0002397 
180.00 4.5755 035951 200263 206385 - 0002227 
190.00 4.5998 254240 200228 206796 - 0001881 
200.00 4.6217 ° 52683 200212 007214 -. 0001377 
210-00 4.6428 231268 200211 007643 -.0000752 
220.00 4.6642 229985 200218 °08090 - 0000045 
230-00 4.6866 228819 200232 208560 20000722 
240.00 4.7109 027761 000257 209059 e0001521 
250-200 4.7388 ° 26809 200304 209593 20002302 
260.200 4.7729 025963 200383 210174 °0003000 
270200 4.8167 025231 200503 210809 °0003554 
280.00 4.8753 224626 200679 011510 20003931 
290-00 4.9549 224164 200924 212284 20004126 
300 -00 5.0631 223869 201256 213140 °0004163 
310.00 5 «2096 023768 001693 2 14083 20004080 
320.00 524059 023895 002255 015119 20003911 
330-00 5 6655 224281 202963 e 16253 20003686 
340-00 6.0041 024976 203840 °1 7488 20003427 
350200 64400 ° 26023 204910 ° 18829 20003148 
360-00 69935 027475 »06199 ° 20278 20002857 
370-00 726880 229387 207733 221839 °0002559 
380-00 825492 031819 009540 025516 20002258 
390-00 9.6060 034835 ° 11648 025313 20001953 
400.00 10.8899 238504 °14089 027233 20001645 
410.00 12.4358 242898 ° 16894 229279 20001334 
420.00 14.2819 248093 °20097 051456 20001019 
430.00 16-4697 054170 223734 233767 °0000700 
440.00 19-0443 061215 227841 056215 e0000375 
450-00 2220549 269316 252458 e 38806 20000045 
460.00 25.5543 ° 78569 3/627 041543 -. 0000293 
470.00 29-6000 289071 243389 244431 - .0000638 
480.00 34.2535 1.00927 049792 047473 - 0000992 
490.00 39.5813 1214245 256882 050674 - 0001355 
500.00 45 66545 129139 264709 054038 -. 0001728 
510-00 52.5494 1245727 © 73324 057572 - 0002113 
520200 60 3474 1264134 082781 061278 - 0002510 
530-00 69.1355 1.84488 ‘ 293134 065161 - 0002920 
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Table 18. (Continued). 


Propane Isotherm at 380 K 


Isotherm |sochore | sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m MPa MPaem/kg MPa /K MPa/K2 
10.00 06777 294583 206421 °00199 --0000004 
20-00 1.2859 289739 005752 200423 - 0000022 
30.00 1.8294 285109 205124 200672 - 0000056 
40.00 223119 280669 004533 200946 - 0000108 
50-00 2.7371 ° 16404 203977 201245 - 0000180 
60 00 3.1085 ° 72308 203457 °01566 -.- 0000273 
70200 324298 268384 202976 201908 ~ -0000387 
80.00 3.7050 064639 202537 002268 - 0000520 
90.00 3.9387 ; e61080 002144 202642 - 0000671 
100.00 4.1353 037716 201797 203029 - 0000835 
110.00 4.2996 294554 001496 003425 - 0001006 
120.00 4.4361 051595 001241 203828 -.0001175 
130.00 4.5492 °48840 201028 004235 - +0001 329 
140.00 4.6429 °46286 200853 204645 -.0001 452 
150.00 4.7209 243927 200713 205056 - 0001527 
160.00 4.7866 041754 200605 205468 -. 0001536 
170.00 4.8428 ° 39760 200525 205882 -.0001469 
180-00 4.8924 037935 200471 206300 -.0001 318 
190.00 4.9377 256271 200440 °06 726 - -0001088 
200.00 4.9810 °54760 200429 007163 -. 0000788 
210.00 5 0242 0 335592 000436 007615 - 0000434 
220.00 50686 052156 200455 °08088 - 0000037 
230.200 521154 251041 200481 208586 -0000393 
240.00 521654 °530039 °00523 209114 0000846 
250.00 5 2208 229147 200590 209679 °0001303 
260-00 5.2846 °28368 200693 °10286 0001742 
270-00 5 3609 027712 200842 2 10945 °0002136 
280.00 524550 027191 201051 211664 °0002462 
290.00 525735 226824 001333 e 12450 °0002706 
300.00 521246 °26633 201706 013311 0002860 
310.00 5 29183 ° 26646 e02187 e 14255 20002929 
320.200 6.1663 °26895 202795 215288 20002920 
330.00 6.4824 27416 e 03553 216415 0002848 
340.00 6.8825 °28253 004481 017641 °0002725 
350-00 7235851 229449 205604 ° 18970 20002563 
360.00 8.0107 031057 206948 °20408 0002369 
370-00 8.7829 055131 208539 ° 21956 20002152 
380.00 9.7277 055129 210404 223620 20001917 
390.00 10.8739 238915 e12573 025403 20001667 
400.00 12.2535 042755 ° 15076 02/309 °0001 405 
410.00 1329014 047322 e1 7945 029341 °0001132 
420.00 * 15.8559 052691 021215 051502 0000849 
430.00 18.1588 258940 024919 255798 0000557 
440.00 20.8555 066155 229097 256231 0000256 
450.00 23.9952 e 7/4422 253786 ° 58806 - 0000054 
460.00 27.6311 085836 ° 59028 041527 - 0000373 
470.00 318207 294494 044867 244397 - 20000702 
480.00 36-6259 1.06497 251348 247422 -.0001041 
490.00 42.1133 1219954 058519 ° 50605 - 0001391 
500.00 48.3542 1.34976 266428 255951 - 0001752 
510-00 5524253 1.51680 ° 75129 25 7466 - 00002125 
520.00 63.4081 1.70190 084673 061152 -.0002511 
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Table 18. (Continued). 


Propane |sotherm at 390 K 


|sotherm |sochore | sochore 

Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa «m3 /kg MPa /K MPa /k 2 
20.00 1.3281 ° 90305 205987 200421 - 0000019 

40.00 2.4060 °31800 204817 200936 -.000009 1 

60.00 32638 0/3975 203784 201542 - .0000224 

80.00 309294 266795 202898 202222 - «0000407 

100.00 4.4344 260304 002182 002957 - 0000617 
120.00 4.81357 094552 201640 203731 - 0000809 
140.00 501012 049551 ° 01260 004530 - .0000928 
160.00 523270 045277 201020 005351 -. 0000920 
180.00 525171 241682 200900 °06202 - 0000759 
200.00 526941 038717 200887 007104 - .00004 54 
220200 528775 ° 56530 °00956 208084 - 0000042 
240-00 6.0802 034452 001087 009175 20000441 
260.00 623202 053057 201342 ° 10413 °0000950 
280.00 66314 ° 32208 201814 o11848 0001409 
300-00 70678 0532038 002614 015555 20001743 
320.00 70/077 052755 003874 015523 °0001902 
340.00 8.6586 034632 205753 e 17867 e000 1882 
360.00 10.0621 058010 008432 »20609 20001707 
380.00 12.0984 043297 212116 023785 0001412 
400.00 14.9907 °390965 217032 021429 0001025 
420.00 19.0099 °61552 023429 eS DUS, °0000568 
440.006 2424795 0/5659 031585 036246 °0000053 
460.00 31.7816 293957 041807 041482 - 0000513 
480.00 41.5627 1.17187 054434 047313 -.0001128 
500.00 53/7405 1.46165 269840 0957174 - 00001794 
520.00 69.5108 1.81785 08 8428 260901 -.0002512 


Propane |sotherm at 400 K 


20.00 1.3701 ° 90830 °06220 200419 - 0000017 
40.00 204992 082844 °05096 200928 - 0000079 
60.00 3.4169 e 75509 204103 201521 - 0000187 
80-00 4.1497 068776 203249 002185 - 0000331 
100.00 4.7273 e 62680 202556 202903 ~ 60000485 
120-00 5» 1832 09/270 °02030 203661 ~ 0000614 
140.00 525500 2 92563 °01663 204451 - -0000683 
160.00 528580 -48545 001438 005273 -.0000663 
180.00 6.1339 045183 001341 006138 - ©0000543 
200 00 6.4024 042445 001363 e07065 - 20000332 
220.00 6.6855 040293 001481 ° 08080 - 0000051 
240.00 629995 » 58670 001676 009210 20000278 
260.00 725657 057565 202017 e 10490 0000628 
280-00 708224 05/042 e02599 11964 20000956 
300-00 8.4288 037255 203534 2 13678 00001213 - 
320.00 9.2684 238403 004956 2 15683 20001360 
340.00 10.4538 240767 207019 e 18028 20001378 
360-00 12.1307 044679 009904 020/56 °0001270 
380.00 14.4853 250536 213811 223907 0001050 
400.00 177382 058/98 ° 18966 e27517 20000736 
420.00 22 - 1696 269988 = 6 296)19 051618 °0000344 
440.00 28 21041 084690 034047 056243 -.0000114 
460.00 5009271 1.035557 044557 041425 - 0000631 
480.00 46.0882 1.27310 05/489 047197 - 0001202 
500.00 59.1089 1.56747 0/3217 095993 - .0001828 
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Table 18. (Continued). 


Propane |sotherm at 420 K 


|Isotherm |sochore |Isochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m MPa MPa em3/kg MPa/K MPa/K2 
20.00 1.4535 °91774 206680 200416 - 0000013 
40.00 226834 084712 005641 200914 - »0000060 
60.00 327178 2/8245 004723 °01489 - 60000138 
80.00 4.5808 072506 203929 202129 - «0000235 
100.00 52994 669 19 203283 202823 - 00000332 
120.00 529047 262136 »02796 »03561 - «0000407 
140.00 6 64284 031983 02467 204341 - 0000442 
160.00 6.9013 234467 002286 205168 -.0000425 
180.00 735522 251579 202248 206052 - 20000353 
200.00 7.8097 049309 002349 207011 - 0000231 
220.00 8.3002 °47642 002573 ° 08067 - .0000070 
240.00 8.8458 46543 002904 209248 20000120 
260.00 9.4739 046013 203415 ° 10581 0000321 
280.00 10.2307 046139 204210 12105 0000514 
300.00 11.1843 047078 05404 e 13860 20000671 
320.00 12.4276 049042 0071351 ° 15889 20000768 
340.00 14.0824 ° 52303 209545 e 18239 0000787 
360.00 16 235032 05/187 ° 12825 °20950 0000719 
380.00 19.2822 264076 e 17161 24065 20000564 
400.00 232533 075409 022/83 °2/7620 20000326 
420.00 28 4976 8568 1 229937 251651 0000012 
440.00 35.3486 1.01448 038899 256193 -- 0000370 
460.00 44.1981 1.21331 249976 041279 - 0000814 
480.00 5529027 1.46015 063510 046944 -.0001317 
500.00 69.7906 1.76259 2/9874 053222 - 00001879 
Propane |sotherm at 450 K 
| 
20.00 1.5778 °92977 07360 200413 - .0000010 
40.00 229552 087074 006435 «00899 - 0000042 
| 60.00 4.1590 281697 05620 201455 - -0000094 
| 80.00 522103 e/6761 204913 002072 - 0000156 
| 100.00 6.1334 e 12288 004342 202743 - 0000216 
120.00 6.9573 268332 203924 003464 - 0000261 
| 140.00 7.7138 064939 203668 204256 - -0000282 
i 160.00 8.4352 062135 203573 205066 - 0000275 
180.00 9. 11559 2 59937 203643 205965 - -0000238 
200.00 9.9036 258361 00388 1 206951 -.0000175 
i 220.00 10.7170 057413 204276 208043 --0000091 
i] 240.00 11.6234 237080 004817 009265 0000007 
260.00 12.6589 057383 °05585 2 10642 °©0000111 
280.00 13.8798 258424 206690 e 12208 e0000209 
300.00 15.3655 °60365 208254 2 13996 20000286 
320.00 1722212 063427 010414 - 16046 0000329 
340.00 19.5812 067877 013325 e 18397 20000324 
360.00 22.6127 2/4031 el 159 221090 0000261 
380.00 26-5196 082252 022114 024164 20000136 
400.00 3125475 092954 028407 °27656 - 0000054 
429.00 37.9881 1.06601 ° 36286 251603 - 0000307 
440.00 46.1856 1.23713 046024 056041 - .0000622 
460.00 56.5421 1.44869 257930 e41005 - 00000996 
480.00 69.5247 1.70710 0/2544 046531 - 20001427 
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Density 
kg/m3 


20-00 

40.00 

60.00 

80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200.00 
220.00 
240.00 
260-00 
280.200 
300.00 
320.00 
340-00 
360-00 
380.00 
400.00 
420.00 
440.00 


20.00 

40.00 

60.00 

80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200-00 
220-00 
240.00 
260.00 
280-00 
300.00 
320.200 
340.00 
360.00 
380.00 
400.00 
420.00 


Table 18. (Continued). 


Propane |sotherm at 500 K 


|sotherm |sochore |!sochore 

Pressure Zs Derivative Derivative Curvature 
MPa MPa «m3/kg MPa/K MPa/K2 
1.7830 ° 94565 08473 200409 - 00000006 
3.4002 90168 007719 00882 -- 0000026 
4.8766 086212 007059 201418 - 0000057 
6.2300 082604 006493 202012 -.0000093 
724823 /9367 206054 02660 - 0000127 
8.6621 76568 005771 203364 -.0000155 
9.8023 e 74268 °05661 004127 -.0000171 
10.9390 et2o2) 005738 004958 -.0000174 
12.1108 e 71368 06015 © 205868 - =.0000164 
1323590 7/0851 06504 ~06873 -.0000143 
14.7262 »71002 07200 007992 - 0000113 
16.2522 e71830 08100 209244 -.9000079 
17.9859 0/3378 209296 e 10653 - .0000044 
19.9982 °75160 210906 ° 12248 -.0000016 
22.3847 °/9147 - 13061 e 14057 - 0000000 
252683 083759 2 15902 016415 -. 0000006 
28.8019 2898 56 2 19588 218455 - 0000042 
Soil vio 097739 024294 021114 -.0000113 
38 6002 1207749 030213 024129 - .0000226 
45.3520 1.20266 037563 BAT SEIS) -.0000384 
BEIT HA ire Py ale) 046589 231370 - 0000589 
64.1173 We54571 057563 035667 -.0000844 


Propane |sotherm at 550 K 


1.9867 095788 209569 200406 - -0000004 
3.8386 092539 208968 000872 - 0000018 
5259/94 28967] 208453 001395 - -0000039 
702257 087097 208027 001974 - 0000063 
8.7985 284844 007726 °02608 - .0000086 
10.3270 082986 007589 203300 - 0000107 
11.8468 281599 207643 204055 - 0000121 
13.3982 °80749 007909 004883 -.0000130 
15.0258 280497 °08408 005795 - .0000132 
1627784 080897 209161 e06805 -.0000129 
18.7073 281997 - 10168 007932 - 0000124 
20.8625 083823 011431 009193 -.0000117 
23.5036 286429 213052 © 10612 - 0000113 
2621151 089939 015155 012212 -.00001 16 
29 .4069 2 94524 217878 e 14021 ~ 0000129 
3323174 1.00400 021368 ° 16069 - 0000158 
38-0160 1.07820 225788 e 18387 - ©0000209 
43.7061 1617072 031314 221009 - 20000286 
50-6282 1.28476 238142 ° 25969 - .0000394 
59 20642 1.42389 246490 02/501 -.0000537 
69.3419 1659206 256602 051039 --0000717 
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Table 18. (Continued). 


Propane |sotherm at 600 K 


|sotherm |sochore |sochore 
Density Pressure 7. Derivative Derivative Curvature 
kg/m3 MPa MPa «m3 /kg MPa/K MPa/K4 
20.00 2.1895 96760 2 10653 00404 - 0000003 
40.00 4.2724 094414 © 10195 00864 -.-0000013 
60.00 6.2725 292409 098 18 01378 -.0000028 
80.00 8.2055 90665 009529 001947 -.0000046 
100.00 10.0927 89214 09369 02571 - 60000064 
120.00 11.9648 088135 009385 003254 --0000081 
140.00 13.8605 087514 09610 °04002 - .0000095 
160.00 15.8246 087425 10073 004825 -.0000106 
180.00 1729076 87940 » 10803 005734 - 0000114 
200.00 20.1653 089125 011825 06743 -.0000121 
220.00 22.6576 91036 © 13145 07869 - 0000128 
240.00 25 04434 093710 014771 209130 -.0000135 
260.00 28 05936 97212 o 16811 2 10546 - 0000147 
280.00 32.2042 1.01666 219397 12140 -.0000165 
300.00 36.3982 1.07246 226/70 2 13939 - 0000192 
320.00 41.3284 1.14162 226786 - 15969 - 0000233 
340.00 47.1796 1.22659 31908 » 18260 - 0000291 
360.00 54.1709 1.33011 058219 °20843 -.0000370 
380.00 62.5595 1.45524 045915 025749 - -0000474 


Propane |sotherm at 650 K 


20.00 225911 297549 ¢ 11730 200403 - ©0000002 
40.00 4.17029 095934 211406 °00858 -. 0000010 
| 60.00 629585 ° 94630 211162 201366 - 00000022 
80.00 9.1737 093566 e 11008 201927 - 0000056 
| 100.00 1123707 292779 2 10990 002542 - 0000050 
120.00 13.5823 092353 e11161 003218 - 0000065 
140.00 15.8504 °92379 11561 203959 - 0000078 
160.00 18.2244 0929358 e 12226 204776 - 000009 1 
| 180.00 20-7606 294109 213189 °05680 - 0000102 
| 200.00 23.5220 095963 214482 06684 - 0000114 
220.00 26 5760 °98566 216114 °07805 - 00000127 
240.00 29 .9908 1201962 e 18100 °09060 - 0000143 
i 260.00 353.8475 1.06221 220554 e 10468 - 0000 162 
| 280.00 38 62525 1211471 025612 212051 - 0000188 
{| 300.00 43.5420 1.17883 ° 27422 ° 13834 - ©00002235 
| 320.00 49.2819 1.25661 232143 ° 15842 - 0000270 
| 340.00 5602712 1235042 05/945 e 18103 - 0000331 
(! 360-00 64.5440 1.46290 045011 °20646 - 0000409 


183 


Density 
kg/m> 


20-00 
40.00 
60-00 
80 .00 
100.00 
120.00 
140.00 
160.00 
180.00 
200.00 
220.00 
240-00 
260.00 
280.00 
300-00 
320.200 
340.00 


Table 18. (Continued). 


Propane Isotherm at 700 K 


isotherm lsochore Isochore 
Pressure Zz: Der ivative Derivative Curvature 
MPa MPa -m3/kg MPa/K MPa/K2 
225922 298202 e 12800 000402 - .0000002 
521309 097188 212604 200854 -.0000008 
726391 96465 212490 201356 - 00000017 
10.1329 295967 212468 001911 - 20000029 
12.6360 095739 012592 02520 - 0000041 
15.1834 295866 » 12920 203188 - .0000054 
17.8206 96443 213497 203923 - 0000067 
20.6015 97556 214364 004733 -.0000080 
23.5881 299288 sDOD ol 05631 - 00000094 
26.8501 TeOl 717 ot7125 06629 -.0000108 
30.4627 1.04912 - 19066 007742 - 0000125 
34.5027 1.08923 21408 08988 -.00001 44 
39.0606 1.13826 224268 210385 -.0000168 
44.2541 1.19749 27789 °11954 -.0000198 
50.2304 1.26859 “52125 213718 - 00000237 
57.1685 1.35358 0537434 15703 -.0000286 
65.2806 1.45473 043894 17933 - 0000347 


184 


———— 


Table 19. The Joule-Thomson 


Temp. 


Density 
kg/m 


491.1 
485.4 
479 8 
474.2 
468.6 
463.1 
4576/7 
452.3 
447.0 
441.7 
436.5 
431.4 
42635 
421.2 
416.2 
411.35 
406.3 
401.5 
39607 
391.9 
387.2 
382.5 
37729 
373.5 
368-7 
364 «1 
359 06 
BDZ 
35067 
346 23 
341.9 
Silo 
33302 
328 8 
324.5 
32023 
31620 
Silke, 
30725 
303-3 
299 21 
294.9 
290.8 
286.6 
282 25 
278 4 
2744 
270.35 
2665 
262 03 
258.4 
254.4 


inversion 


185 


locus for propane. 


Pressure 
MPa 


1.607 
4.875 

72952 
10.847 
13.574 
16.143 
18 .564 
20.848 
23.001 
25-2030 
26.945 
28.749 
30.449 
32-051 
332558 
34.976 
36-309 
37.561 
38.734 
39 2835 
40.862 
41.823 
42.716 
43.549 
44.319 
45-031 
45.688 
46.289 
46.839 
47.337 
47.787 
48.191 
48.548 
48 .862 
49.132 
49 .563 
49.552 
49.705 
49.819 
49 .899 
49.945 
49.957 
49.940 
49.892 
49.814 
49.711 
49.582 
49.430 
49.255 
49.060 
48.846 
48.615 


Tempe 
K 


85.470 

90.000 

95.000 
100.000 
105.000 
110.000 
115.000 
120-000 
125.2000 
130.2000 
135.000 
140.000 
145.000 
150.000 
155.000 
160.000 
165-000 
170.2000 
175.2000 
180.000 
185.000 
190.000 
195.000 
2002000 
205-000 
2102000 
2152000 
220.000 
225-2000 
231.068 
235-000 
240.000 
245-000 
250.2000 
255.2000 
260.000 
265-000 
2702000 
275-000 
280-000 
285.000 
290.000 
295-000 
300.000 
305.000 
310-000 
315-000 
320-000 
325-2000 
330-000 
335.2000 
340.000 
345.000 
350.000 
3552000 
360-000 
365-000 
3692850 


Pig 
MPa 


e 16895E-09 
°96854E-09 
© 54123E-08 
025159E-07 
°99697E-07 
°54511E-06 
e 10618E-05 
°29480E-05 
e 74804E-05 
e 17534E-04 
2 583 16E-04 
° /8671E-04 
e 15279E-03 
e28235E-03 
°49897E-03 
°84700E-03 
e 13864E-02 
°21959E-02 
2 535756E-02 
2 90497E-02 
° 73689E-02 
e10512E-01 
e 14687E-01 
°20133E-01 
eZ7ITQE-O1 
0 55944E-01 
°46937E-01 
°60455E-91 
e /6884E-01 
e 10133E+00 
e 12014E+00 
e 14785E+00 
e 18025E+00 
021783E+00 
°26111E+00 
23 1060E+00 
° 36685E+00 
043042E+00 
e 50186E+00 
°98177E+00 
e67072E+00 
e /6931E+00 
°©87816E+00 
2 99790E+00 
°11292E+01 
e 12726E+01 
e 14289E+01 
° 15988E+01 
e 17829E+01 
e 19822E+01 
e219735E+01 
e 24293E+01 
e26792E+01 
e29482E+01 
052377E+01 
2 55498E+01 
0 38877E+01 
0©42475E+0 1 


Table 20. 


Oy 
kg/m3 


73334 
728267 
125.05) 
718244 
713.34 
708 26 
703.18 
696.12 
693.06 
687.99 
682-93 
677.87 
672.80 
667.672 
662 . 62 
657.51 
652.38 
647.235 
642.06 
63685 
631.61 
626633 
621.202 
615.66 
610.25 
604.78 
599.26 
593.67 
588.01 
581.04 
57646 
570255 
564.55 
558 44 
55222 
545.88 
53941 
5320/8 
526-00 
519205 
511.91 
504.56 
496.97 
489.13 
480.99 
472.53 
4632/0 
454.43 
444.67 
434.30 
423.21 
411.22 
398.07 
38334 
36631 
345252 
316285 
220249 


Thermophysical 


9g 
kg/m> 
2 10484E-07 
°5/7076E-07 
° 30216E-06 
2 13333E-05 
° 50358E-05 
e 16639E-04 
e48970E-04 
2 13030E-03 
e 31740E-03 
e/1538E-035 
e 15054E-02 
2980 7E-02 
° 55902E-02 
°99876E-02 
e 17/085E-01 
°28105E-01 
e44633E-01 
e68659E-01 
e 10262E+00 
2 14941E+00 
021243E+00 
°29556E+00 
°40319E+00 
e54018E+00 
e71191E+00 
2924 19E+00 
e 11833E+01 
° 14961E+01 
e 18696E+01 
e24158E+0 1 
e 28305E+01 
2 54347E+01 
°413538E+01 
049476E+01 
2 58570E+01 
°69037E+01 
e80903E+01 
°94307E+01 
e 1|OQ40E+02 
e 12636E+02 
eo 145357E+02 
e 16665E+02 
e 19045E+02 
e21/704E+02 
°24676E+02 
2° 2/999E+02 
e31720E+02 
2° 358 98E+02 
©40603E+02 
24593 1E+02 
e D2006E+02 
2° 59004E+02 
067188E+02 
» /6974E+02 
089094E+02 
e 1O505E+03 
e 12901E+03 
2 22049E+03 


Zy 


«00000 
200000 
200000 
200000 
200000 
e00000 
00000 
200000 
200000 
200000 
200000 
200000 
°00001 
200001 
200003 
200004 
e00007 
e00011 
90016 
200023 
200033 
200047 
200064 
e00087 
©00115 
200150 
000193 
000245 
° 00308 
00400 
200470 
e00573 
200691 
200828 
200983 
001161 
201361 
201587 
201840 
002123 
202438 
202788 
003177 
203607 
204082 
204608 
205188 
205831 
206543 
e07355 
208220 
209215 
2 10347 
° 11654 
° 13205 
2 15136 
217829 
e2/625 


properties 


Zg 


1.00000 
100000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
299999 
099998 
099996 
099992 
099985 
299974 
099957 
099932 
299896 
299847 
099781 
099695 
099585 
099447 
299279 
099076 
e98835 
098552 
098223 
097847 
097418 
296935 
296270 
095791 
095125 
094393 
093593 
292720 
091774 
090752 
289651 
288470 
°87206 
285858 
084424 
°82900 
281284 
0/9573 
e/7762 
2/5845 
0/3814 
e/1658 
069358 
266892 
064224 
261501 
2 98039 
234292 
249781 
' 243786 
°27625 


186 


of saturated 


dP g/dT 
MPa/K 


2 6882E-10 
0 5552E-09 
2 1757E-08 
e/304E-08 
2 2605E-07 
e8145E-07 
« 2273E-06 
°5744E-06 
2 1331E-05 
2 2859E-05 
05 742E-05 
°1087E-04 
e 1950E-04 
05535 7E-04 
2 5475E-04 
~8646E-04 
e 1319E-03 
e 1952E-03 
e 2808E-03 
2 5938E-03 
2 5598E-03 
e 7244E-03 
2 9536E-03 
© 1234E-02 
e 1571E-02 
e 1970E-02 
e 2439E-02 
e2982E-02 
° 3604E-02 
04473E-02 
°5106E-02 
e5995E-02 
°6981E-02 
~8068E-02 
°9259E-02 
e 1056E-01 
e 1196E-01 
o 1348E-01 
© 1512E-01 
e 1687E-01 
e 1873E-01 
°2072E-0 1 
°2284E-01 
e2508E-01 
°2745E-01 
°2995E-01 
°5259E-01 
2 5558E-01 
°58351E-01 
e°4141E-01 
e4468E-01 
°4815E-01 
°5184E-01 
2° 5579E-01 
e6009E-01 
6486E-01 
© /047E-01 
°8113E-01 


liquid propane. 


dP /dT 
kg/(m3°K) 


-1.0311 
-1.0274 
=[fO2571 
-1.0205 
-1.0178 
-1.0156 
-1.0140 
-1.0128 
-1.0122 
-1.0121 
-1.0126 
-1.0136 
-120152 
-1.0174 
-1.0203 
-1.20237 
-1.0278 
-1.20326 
-1.0381 
- 1.0443 
-1.0513 
-1.0591 
-1.0677 
-1.0771 
-1.0875 
-1.0988 
=ieilel 11 
-121246 
-1.1391 
-1.1584 
-1.1720 
-1.21905 
-1.22106 
- 1.22523 
=sZ2D59 
= e265 
-1 3093 
- 123396 
= 65727 
- 1.4090 
-1.4489 
-1.24930 
- 125420 
-1.5966 
-1.6581 
-1./278 
-1.8078 
-1.9004 
-2.0095 
-2. 1403 
-2.3008 
-2.5037 
=ZeilO 
-3 ° 1437 
-3./7116 
-4.7195 
=i 2OLe: 


| sochore 
Derivative 


MPa/K 


31063 
229784 
2.8469 
221243 
2.6096 
25020 
24007 
223051 
222145 
221287 
2.0471 
1.9694 
1.8952 
1.8243 
127565 
1.6915 
1.6290 
1.5690 
125112 
1.4555 
1.4018 
1.3499 
1.2997 
1.2512 
1.2042 
1.21585 
1.1143 
1.0713 
1.0295 
©9803 
29493 
29107 
28751 
28364 
28006 
2/656 
0/314 
26979 
26651 
26330 
06015 
23/07 
22403 
25106 
04813 
04525 
04241 
25960 
25683 
25409 
05136 
22865 
22592 
CENT 
02035 
21738 
2 1406 
20811 


|sotherm 
Derivative 


MPa em3/kg 


e5013E+01 
2 2899E+01 
°2781E+01 
e2670E+01 
2 2564E+01 
°2464E+01 
°2568E+01 
°2276E+01 
e2188E+01 
e21035E+01 
°2022E+0 | 
2 1943E+01 
2 1867E+01 
2 1795E+01 
2 1722E+01 
e 1652E+01 
2 1585E+01 
2 1519E+01 
2 1455E+0 1 
2 1393E+01 
e 1333E+01 
2 1274E+01 
2 1216E+01 
e 1160E+01 
2 1106E+01 
e 1053E+01 
2 1001E+01 
°9500E+00 
°9006E+00 
°8424E+00 
28056E+00 
2 /599E+00 
2/155E+00 
°©6722E+00 
e63501E+00 
°5892E+00 
°5495E+00 
2 5109E+00 
04735 5E+00 
°©4375E+00 
°4022E+00 
2 5683E+00 
2 5356E+00 
2504 1E+00 
22737E+00 
°2445E+00 
°2166E+00 
- 1898E+00 
e 1642E+00 
2 1399E+00 
- 1169E+00 
09518E-01 
e/484E-01 
0D595E-01 
° 5863E-01 
°2308E-01 
°9697E-02 


O6- 


Tempe 
K 


85.470 

90.000 

95.000 
100.000 
105.000 
110.000 
115.000 
120.000 
125.000 
130.000 
135.000 
140.000 
145.000 
150.000 
155.000 
160.000 
165.000 
170.000 
175.000 
180.000 
185.000 
190.000 
195.000 
200-000 
205.000 
210.000 
215-000 
220.000 
225.000 
231.068 
235.000 
240.000 
245-000 
250.000 
255.000 


| 260.000 


265-000 
270.000 
275.2000 
280.000 
285.000 
290.000 


| 295.000 
300.000 
- 305.000 


310.000 
315-000 
320.000 
325.000 


_ 330.000 
| 335.000 


340.000 
345.000 


| 350.000 


355.000 


| 360.000 
| 365.000 
369.850 


Heat of 
Vape 
J/mo | 


2484028 
246278 
24397 26 
2417205 
2395126 
2373561 
235225 
2331305 
2310723 
22904.0 
227036 | 
22504 2 
2230720 
2211120 
2191529 
2172124 
215269 
2133202 
2115628 
209404 
20742.4 
20542.6 
203404 
2013565 
19927 .3 
1971525 
19499.6 
1927920 
190533 
1877128 
18584.5 
18340.2 
18088 .6 
17828.9 
17560.7 
17283.0 
16995.2 
16696.4 
16385.7 
16062.1 
1572425 
1537126 
1500129 
1461329 
14205.6 
137748 
1331826 
128337 
1231529 
1175926 
1115725 
10499.3 
9769.9 

8945.7 

798567 

6806.1 

517568 

0.0 


Internal 
Energy 
J/mol 


(0) 
391.6 
822.9 

1253.4 
1683.4 
211362 
2543.0 
29730 
34034 
3834 6 
4266.9 
4700.4 
51355 
5572.6 
6011.8 
6453.6 
6898.0 
734565 
7719602 
82504 
8708.3 
9169.9 
9635.67 
1010526 
10579.9 
11058 .6 
1154261 
120301 
12523.1 
1312822 
13524.2 
14032.5 
14546.1 
15065.4 
1559021 
1612027 
166573 
17200.0 
1774961 
18304 .7 
18867.3 
1943723 
2001429 
20600.7 
2119523 
2179926 
22414.5 
23041. 1 
2368029 
243360 
25008 -8 
257030 
2642326 
271784 
2798125 
28861 2.6 
299039 
3522327 


Enthal py 
J/mo | 


(0) 
391.26 
822.9 

1253.4 
1683.4 
ZAM BOCA 
2543.0 
2973-0 
3403.4 
3834 6 
4266.9 
4700.4 
51355 
5572.6 
6011.9 
64536 
6898.1 
7345.6 
7796.64 
8250.7 
8708.8 
9170.7 
9636.7 
10107.0 
105819 
1106123 
11545.5 
120346 
12528.9 
1313529 
135334 
14043.9 
1456022 
150826 
1561120 
16145.8 
166873 
1723526 
1779161 
183542 
18925.1 
19504.5 
200928 
20690 .6 
212988 
2191823 
225504 
2319662 
238577 
2453702 
252378 
25963 65 
2672024 
2751726 
2837162 
29314.7 
30444.9 
330822 


Table 20. 


(Continued). 


Entropy Cy Co ¢ 
JS7(moleK) J/(mol eK) J/(mol eK) J/(mol °K) 
82.561 61.64 84.09 84.09 
87.074 61.43 84.30 84.30 
91.767 61-22 84.54 84.54 
96.197 61-05 84.80 84.80 
100.397 60.89 85.06 85.06 
104.394 60./7 85.34 85.34 
108.210 60.67 85.63 85.63 
111-864 60.59 85.94 85.94 
IVSos/e 60.54 86-26 86.26 
118.753 60.50 86.60 86.60 
122.013 60.50 86.95 86.95 
125.165 60.51 87.33 87.33 
128.220 60.54 87./2 87./2 
SelB 5 60.60 88.14 88.14 
134.068 60.68 88.57 88.57 
136.877 60.77 89.03 89.03 
139.616 60.89 89.52 89.52 
142.292 61.03 90.03 90.03 
144.908 61.220 90.56 90.57 
147.471 61.38 91.13 91.14 
149.983 61-59 91./2 91.74 
152.448 61.82 92.35 92.37 
154.870 62-07 93.01 93.03 
IS 62.34 93./0 93-15 
159.594 62.64 94.43 94.47 
161-902 62.96 95.20 95.25 
164.177 63.351 96.00 96.07 
166.421 63-69 96.85 96.94 
168.636 64.09 97.74 97.86 
171-288 64.61 98.88 99.04 
172-987 64.97 99.66 99.85 
175.126 65.45 100.70 100.93 
177-242 65.97 101.79 102.08 
179.339 66.51 102.95 103.30 
181.416 67.09 104.16 104.59 
183.476 67.69 105.44 105.97 
185.519 68.34 106.80 107.44 
187.547 69.02 108.23 109.00 
189.563 69.73 109.75 110.68 
191.566 70.48 SS 112.48 
193.560 71228 113-08 114.42 
195.544 Wow 114.91 116.52 
197.523 72.99 116.87 118.81 
199.496 73291 118.99 Aloe 
201-468 74.88 227i 124.08 
203-440 75290 123.76 127-16 
205-417 76-97 126.50 130.62 
207-401 78.610 129.53 134.58 
209.397 7929 132.94 139.17 
2112412 80.54 136.83 144.61 
213-454 81.86 141.38 De 27, 
Z\DeDDZ 83.26 146.85 159.69 
217.2663 84.74 153-/0 170.94 
219.870 86.32 162.81 187.08 
222.2195 88.01 176.11 213-03 
224.1725 89.85 198.91 263-85 
CPU OUNS 91.80 254.84 418.67 
234.1726 -- -- -- 

187 


Fugacity/ 
Pressure 
Ratio 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
299996 
099988 
099977 
099958 
099931 
099891 
099836 
99760 
099672 
099550 
99409 
299227 
099017 
98761 
98470 
098128 
097746 
09/311 
296826 
296176 
095713 
°95077 
094392 
293661 
092878 
292047 
091173 
090253 
89289 
288286 
08/7244 
86171 
085061 
083922 
082755 
081564 
80353 
e/9120 
e//7869 
e/6602 
e/5320 
2/4024 
0/2714 
e/1383 
2/0027 
068637 
067194 
065668 


Vel. of 
Sound 


m/s 


2027 
1994 
1959 
1925 
1892 
1860 
1828 
1796 
1765 
1735 
1704 
1674 
1644 
1614 
1585 
1555 
1526 
1496 
1467 
1438 
1409 
1379 
1350 
1320 
1291 
1261 
252 
1202 
1172 
1136 
1112 
1082 
1052 
1021 
991 
960 
929 
898 
866 
835 
803 
771 
739 
706 
673 
640 
606 
571 
536 
501 
464 
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